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EXTRACTS FROM BY-LAWS 


Membership in the Society of Motion Picture Engineers stands 
for unselfish service to the Industry. Applications for membership 
are by invitation and endorsement. All checks should be made 
payable to the Society of Motion Picture Engineers. 

All receipts are expended directly to promote the objects of the 
Society and the interests of its members. There are no salaries or 
emoluments of any kind. 

The following are extracts from the By-Laws: 

The objects of the Society are: The advancement in the theory 
and practice of motion-picture engineering and the allied arts and 
sciences, the standardization of the mechanisms and practices em- 
ployed therein and the maintenance of a high professional standing 
among its members. 

Oualifications 


Active Member—An Active member shall not be less than 25 years 
of age and shall be: 

(a) A motion picture engineer by profession. He shall have been 
in the practice of his profession for a period of at least three 
years and shall have taken responsibility for the design, in- 
stallation or operation of systems or apparatus pertaining to 
the motion picture industry. 

(b) A person regularly employed in motion picture or closely 
allied work, who by his inventions or proficiency in motion 
picture science or as an executive of a motion picture enter- 
prise of large scope, has attained a recognized standing in the 
motion picture art. In the case of such an executive, the 
applicant must be qualified to take full charge of the broader 
features of motion picture engineering involved in the work 
under his direction. 


Associate Member—An Associate member shall not be less than 21 
years of age and shall be: 
A person who is interested in or connected with the study of 
motion picture technical problems or the application of the 
same. 

Any person of good character may be a member in any or all 
classes to which he is eligible. 

Prospective members shall be proposed in writing by at least 
one member in good standing, and may be elected only by the 
unanimous vote of the Board of Governors. 

All applications for membership or transfers in class shall be 
made on blank forms provided for the purpose, and shall be accom- 
panied by the required fee. 
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Entrance Fees and Dues 


The entrance and transfer fees, payable on admission to the 
Society, or upon transfer, are as follows: Admission to grade of 
Active member, $35.00; admission to grade of Associate member, 
$10.00. 
The transfer fee from Associate grade is the difference between 
is the admission fee, or $25.00. 
ip The annual dues are as follows: For Active members, $20.00; 
le for Associate members, $10.00. 
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PRESIDENT’S ADDRESS 


NY doubts as to the success of the Society of Motion Picture 

A Engineers has long since been dispelled. The period since 

the organization of our Society has been a trying one. Dark 

clouds have loomed on the horizon of our vision, but these have dis- 

appeared and our future now looks exceedingly bright. We have 

just completed our fourth year and we look optimistically to the 
future. 

If you will permit me, I shall say a few words with reference 
to our membership. The Society began in the Fall of 1916 with 
approximately 25 members. Of this number, 18 are still on the 
roll and in good standing. Since then, our membership has increased 
until it now has a total of 78 members, notwithstanding quite a 
number of members have dropped out through resignation or other 
causes. 

You, by your action at the Montreal meeting, authorized the 
formation of an Associate Membership classification. This is going 
to be a considerable help to the Society in furthering its important 
work. We must be judicious, however, in increasing our member- 
ship and see that only those fully entitled to membership are enrolled. 

Closely related to the matter of membership is the question of 
attendance at our meetings. In order to be a useful member, you 
should regularly attend the meetings. A careful analysis shows 
that a little group of faithful members attend regularly, but the 
greater number attend only irregularly or not at all. We should 
aim to have a 100% attendance at each meeting. It is the endeavor 
to make the meetings as instructive and interesting as possible and 
to this end, your officials have been both active and solicitous. 

I have frequently and consistently pointed out at previous meet- 
ings, the fact that the backbone of our Society should be and is, 
the result of the work of our Standing Committees. Some of our 
Committees have done commendable work, others have only worked 
half-heartedly, while others have merely reported progress. In an 
industry such as the motion picture industry, there are so many 
developments and changes, that without question, each Committee 
should have a full and detailed report, at least once a year. The 
Society will forge ahead only in proportion to the constructive activ- 
ities of its various Committees. 

The program for this meeting is certainly attractive. The Com- 
mittee on Arrangements has been untiring in its efforts to make 
this the best meeting which we have ever held and I am sure that 
these efforts will be effective. Unquestionably, each of you will leave 
Dayton with the thought that Dayton is a most hospitable city, that 
we have had a splendid meeting and that it is not a small honor to 
be a member of the Society of Motion Picture Engineers. 

At this time, I desire to express the appreciation of the Society 
to those who have made our success possible. This includes, espe- 
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cially, the officers who willingly served without any compensation 
whatever, as well as the members of the Committee on Papers and 
Committee on Publication. It is, by no means, an easy matter to 
formulate a program. The Committee on Papers has to keep con- 
tinually after the authors on the matter of preparing papers and, 
further, it has to see that all promises given are kept. After the 
papers have been accepted and presented, there is considerable work 
by the Committee on Papers and Committee on Publication in col- 
lecting illustrations, having cuts made, reading of proofs, and ar- 
ranging for the final printing. A careful analysis of the proceedings 
of our Montreal meeting, a book of 105 pages, should indicate to 
you, in a measure, the ground that these Committees have had to 
cover. Let us show our appreciation of their efforts. The members 
and others who prepare papers for our program should also receive 
our appreciation. The preparation of these papers is not a matter 
of days: it means the presentation of facts, gathered from a fund 
of data and experience, so grouped as to become easily understood. 

Your Board of Governors has regularly met once and sometimes 
oftener between stated meetings, for the purpose of carrying on and 
planning the Society’s business. 

At this, the close of my administration as your President, I 
want to, personally, thank the officers and members of the Society 
for the loyal and unselfish support with which I have been en- 
couraged and sustained. Each of you has contributed his part to 


any efficiency I may have displayed, and as to my short comings, 
I trust you may overlook them—except as they may serve as danger 
signals to my successor—recalling only those things in which I may 
have proved constructive and helpful in leadership. 

As we have such an excellent program ahead of us for the next 
four days I will not burden you further. The meeting is now yours. 


H. A. Camps, President. 
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Extracts from 
MINUTES OF THE FIFTH ANNUAL MEETING 
of the 
SOCIETY OF MOTION PICTURE ENGINEERS 
Held at the 
MIAMI HOTEL, DAYTON, OHIO 
October 11, 12, 13, 14, 1920 


Monday Morning, October 11th, 1920. 


Minutes of the meeting of the Board of Governors, held in 
New York City on July 19, 1920, and Dayton, October 10, 1929, 
were read by the Secretary, and approved. 


The following new members were elected, and the names read 
by the Secretary : 


Mr. M. Burnays |ohnson Mr. H, A. R. Dutton 
Mr. Preston R. Passett Mr. Francis J. McGinnis 
Mr. Joe Hornstein Mr. I. V. Hochstetter 
Mr. Ivan L. Nixon Mr. E. G. Perkins 


The question of price to be established on the Transactions 
printed by the Society was brought up and an animated discussion 
followed. 

After careful consideration the following motion was made, 
seconded and carried. 


Motion: That the Transactions up to, but not including, the 
Pittsburgh meeting be sold as formerly, at $.25 each, and that the 
price thereafter be $1 each. 

The Secretary was instructed to secure prices on binding the 
four Transactions consisting of the Philadelphia, Pittsburgh, 
Montreal and Dayton meetings, and that he notify all members of 
such cost, and have bound up a number of copies, if a sufficient call 
for them was received. 

Luncheon was held at the Engineers’ Club, during which the 
Hon. J. M. Switzer, Mayor of Dayton, welcomed the members to 
the City, and to which response was made by Past President, Mr. 
C. F. Jenkins. 


ELECTION OF OFFICERS. 


Report by the nominating committee was read by W. B. Cook, 
Chairman. 
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The following officers were elected by written ballot: 


Viee-Presidemt ........... Ropert P. Burrows 


Board of Governors. .W. B. Cook, L. C. Porter 


The election of officers was followed by a paper “History oF 
Motion Pictures,” by Mr. C. F. Jenkins. 

Mr. A. F. Victor desired to know whether Dr. Goodwin or 
Carbutt was the real inventor of celluloid. 

Both Mr. Jenkins and Mr. Blair stated that Dr. Goodwin was 
undoubtedly the real inventor. 


REPORT OF THE SAFETY COMMITTEE was read by Mr. A. F. Victor. 
Chairman. 

Mr. Carl Gregory being absent and his paper not being avail- 
able, the President requested that Dr. Kellner present his report. 
DEMONSTRATION AND Discussion By Optics COMMITTEE. 

A discussion followed the report in which Dr. W. E. Storey, 
Mr. H. P. Gage, Mr. F. W. Little, Mr. I. V. Hochstetter, and Dr. 
Herman Kellner participated. 


REPORT OF COMMITTEE ON CAMERAS by Mr. Willard B. Cook, Chair- 
man. 

Mr. Cook reported that a new book on “Condensed Course in 
Motion Picture Photography” had recently been written by Mr. Carl 
Gregory, a member of the Committee on Cameras, and was now 
available. 


REPoRT FROM MEMBERSHIP Mr. A. C. Roebuck, Chair- 
man. 

After the report had been read the committee was complimented 
by the chairman for its splendid activities and the good work where- 
by the Society had been brought to a membership of over one 
hundred. 
REPORT FROM COMMITTEE ON ADVERTISING, presented by Mr. R. P. 

Burrows, Chairman. 

It was moved, seconded and carried that the first resolution 
embodied in the report of Mr. Burrow be accepted. 

It was moved, seconded and carried that the second resolution 
embodied in the report of Mr. Burrows be accepted. 

A paper was then presented by Mr. G. A. Blair on “RepucING 
Fire Hazarps EXCHANGES.” 


Discussion, 


Mr. Blair added, after reading his paper, that the Eastman 
Kodak Company was now extending its work to the actual projection 
rooms and attempting to educate the projectionists of the country as 
to the hazards of the material handled by them. 
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Mr. Campe said that the paper clearly showed the cooperative 
efforts between many factions to bring about safety. 

Mr. Manheimer asked for further details regarding the Kansas 
City fire referred to in Mr. Blair’s paper. 

Mr. Blair stated that he was certain that if the fire extinguishers 
had been installed at the time the fire occurred, they would have 
easily placed the fire under control, but said that unfortunately the 
automattic sprinkler system was under construction and not ready 
to operate at the time of the fire. 

Mr. Bernays Johnson said that he had been present during one 
of the lectures given by the Eastman Kodak Company to Projection- 
ists, but had failed to obtain specific information as to proper 
methods whereby film fires might be extinguished. 

Mr. Blair replied that while he was not in the fire extinguisher 
business, he considered that water was the best medium for the 
purpose and that it served to put out fires chiefly due to its cooling 
action. 

Mr. Johnson desired to know whether film was explosive. 

Mr. Blair said that it was not explosive if in the open, but only 
confined in places where the correct mixture of air might be the 
means of causing an explosion. 

Mr. Jenkins desired to know whether the connecting of the 
upper magazine with the open air would prevent explosions, and 
also desired to know whether Mr. Blair would recommend the 
sprinkler system in projection rooms. 

Mr. Blair said that he would recommend sprinkler systems in 
all projection rooms. 

Mr. Smith said that his experience had convinced him that most 
fires occurring in projection booths were due to lack of knowledge 
on the part of the projectionists. He also stated that if the fire 
valves in the magazine were kept clean, and, if the projectionist, 
when a fire occurred to the exposed film, would merely step back 
from the machine and allow the fire to burn itself out, the safety 
devices of the projector would automatically smother the fire and 
no damage would occur. 

Mr. Johnson called attention to the possibility of pieces of 
burning film being dragged through the valves and in their turn set- 
ting fire to the reels within the magazines. He again stated that 
what the projectionists wanted to know is what to do in the case 
of a fire, and said that he considered they did all they could to keep 
from having one, but that it would be of advantage if they are in- 
structed how to stop a fire after it had once started. 

Mr. Manheimer said that from his experience he was certain 
that water was the superior medium whereby to put out film fires. 

Mr. F. J. McGinnis related a case in which the fire had jumped 
into the magazine after having ignited some film collected around 
the top sprocket. He said the projectionist was experienced, but 
had never had a film fire before, and foolishly opened the upper 
magazine. The film, composed of a two thousand foot reel, was 
burning briskly on the floor, and the projectionist seemed unable to 
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think of something to do, but he (McGinnis) put out the fire very 
quickly by the aid of a fire extinguisher, and therefore felt certain 
that if a fire extinguisher was properly used it would serve to put 
out film fires, 

Mr. Smith stated that he knew of the fire in question; that the 
film was imperfect and that sprocket backed the film up against the 
magazines, and that no serious fire would have occurred if the 
magazine door had been left closed. 

Mr. C. J. Lang added to the previous remarks the statement 
that in the fire in question there was about nine inches of film 
leading from the aperture to the magazine which did not ignite. 
This proved to be quite a mystery and a number of suggestions were 
made as to how this had proved possible. 

Mr. Campe now called upon Mr. Lee to address the members. 

Mr. Lee, after expressing his gratification over the fact that so 
many members had come to Dayton to attend the meeting, asked 
that the Society make itself at home while visiting there and said 
that the Engineers’ Club and everything within its walls were at 
their disposal. He further said that members should not fail to hear 
Mr. Kettering’s address to be made during the dinner scheduled at 
6.15 in the evening. 

Dinner was given at the Engineers’ Club during which the mem- 
bers were addressed by Mr. C. F. Kettering, Chief Engineer of the 
General Motors Corporation. 

His address was a memorable event to the Society, and the 
Secretary cannot avoid putting in these minutes his own and his 
fellow members’ expression of appreciation. 


Tuesday Morning, October 12th, 1920. 


Meeting was called to order at 10 A. M. 

Telegrams from absent members were read by the Secretary. 

A telegraphic invitation from Mr. C. W. Detz, Chairman, Invi- 
tation Committee, of Managers and Projectionists, to attend a 
banquet held at Hamilton, Ohio, in honor of Mr. Richardson, was 
received and read by the Secretary. 

The Secretary was instructed to reply by telegraph and express 
the Society’s appreciation for the courtesy shown. 

A paper and discussion, “Power PLANT AND ELeEctriIcaL Dis- 
TRIBUTION EQUIPMENT OF NEW EASTERN StTupDIOS AND LABORA- 
TORIES OF THE FAMous PLAyerS-LASKY AND Fox FitmM Corpora- 
TIONS,” presented by Mr. J. R. Manheimer. 

A discussion followed the reading of Mr. Manheimer’s paper. 

Mr. Burrows, acting chairman during Mr. Campe’s absence, 
said that it was the first paper of the kind presented and felt certain 
that the paper warranted discussion. 

Mr. Richardson desired to know if the bus-bars recommended 
by Mr. Manheimer in his paper would not deteriorate if overloaded. 

Mr. Manheimer explained a system of installing additional units 
in cases of necessity for greater carrying capacity, and also stated 
that the bus-bars were vastly superior to cables due to the fact that 
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they would stand a tremendous overload without causing any trouble 
even if the overload was such as to render the bus-bars red hot. 

Mr. O’Brien said that there appeared to be no protection for 
each individual bus-bar at the point where it left the main switch. 
He asked the capacity of individual remote control switches and 
whether means to take care of expansion and contraction had been 
taken care of. 

Mr. Manheimer said that expansion and contraction of bus- 
bars, both lateral and vertical had been provided for. 

Mr. MacNary called attention to the possibility of different 
directors using different quantities of light at their work, rendering 
impossible the acceptance of calculation based upon candle foot 
illumination in studios. He also called attention to the high cost of 
installing the system advocated. 

Mr. Manheimer agreed that the criticism made by Mr. O’Brien 
as to the expense of overhead systems was correct, but that the 
overhead structure was also usable for the fastening of scenery, 
etc., and therefore had additional advantages making up for the 
high cost. 

Mr. Hubbard said that if future progress would be based upon 
developments made in the past two years in overhead systems, we 
may expect some wonderful progress during the next few years. 

Mr. Campe informed us that greater advance had been made in 
studio lighting than any other branch of the industry during the 
same period of time. 

Mr. Manheimer summed up the arguments advanced, and 
further discussion was referred to the Papers Committee. 


REPORT FROM COMMITTEE ON PUBLICATIONS presented by Mr. 
Bragdon. 

Mr. Jenkins suggested that hereafter the lists of committee 
members be printed in the Transactions. 

Mr, Smith suggested that the names and addresses of all mem- 
ders be printed in the Transactions. 

This matter was put to a vote and was seconded and carried 
and the work was referred to the publication committee for action. 
Report BY Papers CoMMITTEE presented by Mr. L. C. Porter, 

Chairman, 

The methods advocated by Mr. Porter met with favor and a 
motion was made, seconded and carried that all of the recommenda- 
tions offered in the report be accepted and acted upon, 

Mr. Porter asked for suggestions from members which might 
help in obtaining suggestions for papers. 

Mr. Jenkins recommended that a paper on the actual making 
of pictures in studios be prepared. 

Mr. McGinnis said that a paper on correct screen angle and 
the overcoming of Keystone effects was needed. 


TREASURER’S REporT presented by Mr. Will C. Smith. 
Report oF AupITING CoMMirtrrs presented by Mr. Kunzman. 
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Report OF NOMENCLATURE CommMiITTEE, Mr. C. F. Jenkins, Chair- 
man. 

Mr. Jenkins stated that no report would be presented at this 

time, owing to the fact that no new developments had occurred. 

Mr. Richardson requested a discussion on the standards as 
published in the Montreal Transactions. 

This suggestion was put to vote and it was decided to discuss 
the matter. 

Mr. Richardson called attention to a number of errors and 
terms in the nomenclature list as published in the Montreal Trans- 
actions. He claimed that as printed the terms employed were en- 
tirely at variance with established usage by him and other writers. 

Mr. Perkins suggested that the list for nomenclature be referred 
to some new connittee for correction. 

Mr. Jenkins stated that no terms had been adopted without 
authorities first having been consulted in the matter, and he thought 
that the difference of opinion between Mr. Richardson and himself 
might be due to the fact that one thing may sometimes be called by 
two different names. 

Dr. Kellner desired to know when such a word as optience 
should be used. He wanted to know when an audience ceased to be 
an audience and when it commenced to be an optience. Since there 
would be both music and pictures he had some difficulty in deciding 
whether he was one or the other. 

Mr. Porter explaining how it came about that the cut of the 
standard theatre film did not appear in the Montreal transactions. 
It was due to an oversight. 

Mr. O’Brien suggested that a committee be appointed at this 
meeting to take action on the subject. 

Mr. Victor made a motion that a committee be appointed to 
separate the list of nomenclature into its different branches, and 
that these lists be referred to the committees dealing with that par- 
ticular subject and then referred back to the nomenclature committee. 

The motion was seconded and unanimously carried. 

Mr. L. C. Porter desired to make the following amendment to 
the motion made by Mr. Victor; that any terms, standards, or 
recommendations proposed by the nomenclature committee be sub- 
mitted to the Society as a whole at the next convention for con- 
sideration, and that final decision be delayed until the next succeed~ 
ing convention, at which time an approval or rejection by the entire 
body shall be made. 

This amendment was seconded and carried. 


Report OF COMMITTEE ON PRoGREss presented by Mr, Dennington, 
Chairman. 
Meeting was called to order at 10.30 Wednesday, October 13, 
by President Campe, at the N. C. R. Schoolhouse. 
Paper by Mr. P. R. Bassett “THe Hicu Power Arc tN SPERRY 
Automatic ProyJEcTOR” was presented. 
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After the reading of the paper Mr. Campe announced that 
Mr. Patterson of The National Cash Register Company would 
address the members. 

A discussion followed the reading of the paper participated jn 
by Mr. B. M. Johnson, Mr. P. R. Bassett, Mr. C. A, B. Halvorson, 
Dr. Mott, Dr. W. E. Storey, Mr. C. F. Jenkins and Mr. W, E, 
Kunzman. 

Mr. Farley in charge of the lecture department of the National 
Cash Register Company, addressed the members and explained the 
multitudinous use of motion pictures in connection with the sale of 
cash registers. 

Slides and pictures were shown and diagrams were traced upon 
ground glass and projected. The address proved extremely inter- 
esting and gave the members an idea of the commercial application 
of pictures as employed in the work of the N. C. R. 

A paper was presented by Mr. F. W. Hockstetter entitled 
“A New Process or TAKING Motion PicTuRES ON OPAQUE PApeEr 
Firm” and “Metnop or ILLUMINATION ExcLuDING THERMAL 
Rays.” 

Mr. Hockstetter announced that he was unable to give a 
demonstration but those interested should visit his laboratories and 
see the apparatus referred to in operation. 

Mr. Manheimer desired to know the capacity of the maga- 
zines in connection with the camera spoken of in Mr. Hockstetter's 
paper. 

Mr. Hockstetter said that the camera would be able to take 
from one to two hundred feet and the projector from two hundred 
to five hundred feet. 

Mr. Hockstetter did not offer substantial proof of his statements 
but said that he would be able to do so at a later date when his 
patent would permit him to do so. 

Many members expressed admiration for the work while others 
were skeptical as to the correct data and questioned the possibility 
of excluding thermal rays by the methods advanced. 


Report oF Optics COMMITTEE. 


“EFFECT OF ON Motion Pictures” and “ABsoRPTION AND 
REFLECTION Losses IN Motion PicrurRE OBJECTIVES,” presented 
by Dr. Storey. 

Mr. Victor desired to know whether, in Dr. Storey’s opinion, 
the variation of opinions was not based upon color blindness fre- 
quently encountered in the eyes of people. 

Dr. Storey did not think that the variations of opinion were due 
to color blindness. 

Mr. Porter said that owing to the difficulty of determining the 
effect on different people it would be impossible to establish a 
standard for practical purposes. 

He further said that, in his estimation, the work of the Opties 
Committee in dealing with the subject had been carried as far as 
possible; that the data so far obtained should be printed in the 
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Transactions and be carried on to a further point at a more con- 
venient time. 

Mr. Roebuck expressed his opinion that the two images were 
too widely separated to give the best opportunity for observation. 

Mr, Campe stated that we all realized the splendid work done 
by the Optics Committee, and that the work was appreciated. 

The balance of the session was devoted to a trip through the 
plant of the National Cash Register Company, which included a 
luncheon at the N. C. R. Officers’ Club Dining Room. 

The trip through the National Cash Register factory was fol- 
jowed by a trip to Morain City, the location of Research Laboratories 
of the General Motors Corporation. 

A banquet was given at the Engineers’ Club in the evening 
at 6.30. 

During the banquet an address by Col. Deeds proved one of 
the events of the Society’s visit in Dayton. 

Col. Deeds related some very interesting incidents from his trips 
through the battle fields of Europe. 

His sympathetic attitude toward the efforts of the engineers 
today awakened a responsive chord and gave a great deal of en- 
couragement and inspiration to us all. 


Thursday, October 14th, 1920. 


Meeting called to order by the President at 10 A. M. 

Mr. Beusch of the N. C. R. expressed his gratification over 
the selection by the S. M. P. E. in coming to Dayton, and, on behalf 
of Mr. Patterson, welcomed us. He expressed Mr. Patterson’s 
great regret in not being able to personally greet us, as he had 
hoped to do. 

A paper “PorRTABLE GENERATING EQUIPMENT” was presented 
by Mr. F. O’Brien. 

Discussion followed Mr. O’Brien’s paper, during which Mr. 
Hertner desired to know if the type of carburetor mentioned in 
Mr. O’Brien’s paper employed heavy oil or gasoline. 

Mr, O’Brien said that both could be used but that on the coast 
gasoline was used exclusively, chiefly on account of the expense of 
the apparatus, gasoline being less damaging to the machines. 


Report OF ELECTRICAL Devices COMMITTEE. 


Read by Mr. Roebuck during the absence of Mr, Wible, Chair- 
man. 
REPORT OF THE ProyECTION MACHINE CoMMITTEE, presented by 
Mr. W. C. Smith, Chairman. 
REPORT OF THE CORRESPONDENCE CouRSE CoMMITTEE, presented by 
A. R. Dennington. 
Mr. Victor said that in his opinion the task was beyond the 
Society, both financially and otherwise and suggested ‘that the 
matter be definitely dropped. 
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Mr. Porter remarked that credit for the preparation of the 
report was due to Mr. Dennington. 

Mr. McGinnis cited an attempt made by another organization 
of which he was a member to establish a correspondence course, 
He said that he did not question the ability of our Society to produce 
perfect projectionists by means of correspondence, but called atten- 
tion to the fact that local requirements where in some cases an 
apprentice was compelled to put in six months actual work before 
permitted to operate a projector, would work against the scheme. 
He said that he agreed with Mr. Victor that the matter be dropped. 

Mr. Burrows said that it had been hoped at the time the plan 
for a correspondence course was proposed, that we would be able 
to be of assistance to the projectionists, but if, as appeared to be the 
case, the projectionists would be narrow-minded enough to be an- 
tagonistic to the scheme, and if, in addition, the plan was financially 
impractical, he offered as an alternative that the Society make an 
offer of assistance to some existing correspondence schools, for 
instance, the one operated in Scranton. 

Mr. Bragdon suggested that by increasing the edition froma 
suggested 5,000 to 10,000 the cost per copy would be lowered and 
wondered if this would prove a way out of the difficulty. 

Mr. Jenkins stated that he considered the remarks made had 
very well covered the subject and considered that the difficulties 
confronting the Society in carrying cut its plans were such as to 
prevent the undertaking of the work. 

Mr. Porter, in order to refresh our memory of the recom- 
mendation made at the Montreal meeting, read it and said that it 
might not be practical of the Society to handle the financial end, 
but that some way might be devised in which our technical knowledge 
might be at the disposal of the projectionists. 

Mr. Cameron said that two correspondence schools already had 
courses for projectionists. 

Mr. Perkins mentioned that in conversation with a member of 
the La Salle Institute he (the member) had expressed as his opinion 
that the Institute would be glad to handle the work if the Society 
would sponsor the matter. 

It was moved, seconded and carried that the report be referred 
back to the Special Committee for further consideration. 

Paper on “CHARACTERISTICS OF MoTION PicTURE SCREENS,” by Mr. 
LL. A, Jones. 

A discussion followed Mr. Jones’ paper. 

Mr. Egeler said that the work done by his organization checked 
very well with Mr. Jones’ data. He said that his observation had 
been that the Keystone effect and placing of screens also called for 
vertical, as well as horizontal consideration. He asked if Mr. Jones 
had considered the vertical problem. 

Mr. Jones replied that the examination of screens made by him 
had considered both vertical as well as horizontal questions. 

Mr. Victor said that the paper was a “peach” and that here 
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possible to formulate data whereby screens of given numbers could 
be obtained for theatres having definite angle requirements. 

Mr. Smith stated that Mr. Victor had expressed exactly what 
was in his mind. 

Mr. Rembusch said that he was very much interested in Mr. 
Jones’ paper. He stated that the first mirror screens were manu- 
factured by him and were made for narrow theatres, but that the 
same screen, if placed at the proper distance from the front rows, 
would serve for wide theatres. He wanted to know if Mr. Jones 
had considered the colored screens. He said that a white screen 
was preferable on account of giving correct color values to tinted 
and toned films. He gave a description of the effect of various 
mirror screens and methods of coating surface of such to cause 
diffusion in making mirror screens practical for wide angle ob- 
servation. 

Mr. Porter wanted to know if the figure obtained from flat 
screens could also be applied to the concave type. 

Mr. Jones said that color had not been considered in his ob- 
servation. He said that he personally preferred a tinted screen and 
hoped to obtain data on such screens at a later date. He recom- 
mended that the Society decide upon a definite measure of screen 
illumination, or, at least, a definite limit beyond which we should 
not go. 

It was moved, seconded and unanimously carried that a vote 
of thanks be given to the following Dayton organizations for the 
courtesy extended to the S. M. P. E. during its visit as well as the 
encouragement and inspiration given to our work while in that city: 

Delco Light Company, 

Delco Company, 

National Cash Register Company, 

General Motors Corporation, 

Engineers’ Club of Dayton, 

Miami Hotel, Mr. Smith and their assistants, and the Secretary 
be instructed to write a letter of appreciation to each organization. 

The President now requested that places for our next meeting 
be suggested. 

It was moved, seconded and carried that the next meeting place 
be selected by means of a ballot. 

While the ballot was being taken a report from the SUSTAINING 
MEMBERSHIP COMMITTEE was rendered by Mr. Cudmore, Chairman. 

Mr. Cudmore said that a number of letters had been sent out 
and that plenty of replies had been received, but that no practical 
result had been attained. He felt that the method tried would not 
produce the personnel desired, and that it required the efforts of 
the entire Society to obtain such members as are truly desirable. 
He made the suggestion that every member make it his business to 
pick out the men wanted and send the names to him (Mr. Cudmore) 
or someone else acquainted with the person suggested. A personal 
interview should then be arranged with the prospect. He placed the 
matter before the Board of Governors for their consideration and 
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said that he felt certain that financial support could be obtained by 
the method suggested. An additional suggestion made by Mr. 
Cudmore was that a chapter of the Society be formed in California. 

Mr. Campe considered Mr. Cudmore’s remarks well made and 
said the suggestions would be considered by the Board of Governors. 

Upon counting the ballots it was found that Washington had 
been selected with Los Angeles a close second. 

The meeting was therefore adjourned until the next convention 
to be held in Washington some time in April, 1921. 


A. F. Victor, Secretary S. M. P. E. 
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Report of the Advertising Committee 


UR committee takes pleasure in calling your attention to the 
Ee svcstision appearing in the Montreal Transactions of our 
society. The class of advertising and the amount speaks well of the 
co-operation of our individual members and your committee takes 
this opportunity of expressing their appreciation of the prompt 
response from the manufacturers who are represented in this ad- 
vertising. 

The advertising for the year 1920 will increase the income of 
the society by the amount of $855.00, and we sincerely hope that the 
compensation to the advertisers will be in like proportion. 

Your committee has made no attempt to obtain further adver- 
tising for the Dayton Transactions for the reason that they thought 
it best to see how their first venture in advertising was taken. 

Your committee would recommend two general subjects for 
your consideration, and for the consideration of the new Advertis- 
ing Committee. 

The first recommendation is that a concerted effort be made 
by individuals in the society to obtain advertising from the pro- 
ducers, and to obtain more diversified advertising from the manu- 
facturers represented in the society and those not represented. 

The second recommendation is that our rate classification be 
revised. This revision to include, first, increased return for pre- 
ferred space such as space next to reading matter, and the last page 
of advertising ; the second being a differential in price between those 
companies represented by membership and those companies not 
represented by membership. 

Our present price for advertising space is a quarter page in two 
issues $25.00, one-half page $35.00 for two issues, and a full page 
$50.00 for two issues. The committee would recommend that the 
last page of advertising be sold as a full page for two issues at a 
price of $85.00 and that the page next to reading matter be sold 
as a full page at a price of $85.00 for two issues, the inside pages to 
remain the same price. Your committee would further recommend 
that an increase in the advertising rate of 10% be assessed against 
those companies wishing to advertise but which have no representa- 
tive in our membership. Your committee would further recommend 
that those companies who have representation in the society be given 
first choice of preferred space. 

For the purpose of action your committee presents the follow- 
ing resolutions : 


Whereas there are certain advantages in obtaining certain space 
in our Transactions for advertising, and 

Whereas the society believes its membership should have an 
advantage over non-members in advertising rates, and 
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Whereas there are certain points as regards collection which 
have not been covered heretofore, be it resolved: 


First, that our advertising rates to companies having represents- 
tives as members of the society be as follows: 


Quarter page for two issues $25.00. Half page for two issues 
$35.00. Full page for two issues $50.00. The last page of adver- 
tising, full page, two issues $85.C9. Page next to reading matter, 
full page two issues, $85.00. 

Second, that those companies not represented by membership 
in this society wishing to advertise in the Transactions of the society 
may do so at a rate 10% above prices quoted, it being understood 
that companies having a representative member shall have first 
choice of preferred space. 

Third, that the chairman of the Advertising Committee shall at 
the time the forms for advertising close for each issue, advise the 
Treasurer of the society of those advertising, the amount of space 
taken, and the total amount due for the two issues; and further, 
that the Treasurer shall send out a notice covering half the amount 
due for advertising at the time each of the two issues is mailed, and 
further that with these invoices should be attached one copy of the 
Transactions to go to the advertisers. 

Your committee offers the foilowing resolution for your con- 
sideration : 


Whereas a sustaining member of the society is privileged to 


one page of advertising for the two issues of the year of sustaining 
membership, and 

Whereas there is a special rate for preferred space, 

Be it resolved, that space available for the sustaining members 
shall be interior pages, and further that should sustaining members 
desire preferred space, such space may be obtained by a payment of 
$35.00 in addition to sustaining membership fee of $100.00. 


R. P. Burrows, Chairman. 
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REPORT OF COMMITTEE ON PROGRESS 


URING the period since the last meeting of this Society, there 

has been progress along several lines of the motion picture 
industry. The condition of any line of activity is reflected, to a great 
extent, in the improvement in materials, methods and equipment 
entering into the product. If a comprehensive report of these im- 
provements is made, it is a measure of the growth and development 
of the industry as a whole. The report presented is, we fear, more 
or less incomplete, and in this respect it fails as a true indicator 
of the scope of the work coming within the field of interest of the 
Society of Motion Picture Engineers. 


Projectors: 


Among the improvements in standard projectors may be men- 
tioned the use of a pilot lamp or trimming lamp in the lamp house, 
controlled by a door-switch. When the door of the lamp house is 
closed, the pilot lamp is out, but as soon as the door is opened for 
replacing or adjusting carbons the lamp is lighted. 

The window in the lamp house door for observing the are, has 
been changed into a pin hole camera so that an image of the are is 
shown on a piece of ground glass. The new device fits into the 
holder for the old style glass. 

The operation of two machines in a projection room is being 
made much more convenient than heretofore by the addition of 
double control handles. These double handles permit the projec- 
tionist to control easily the machine at his right. 

The spot is also shielded by a double shield which protects the 
eyes of the projectionist on either side of the machine. 

An improved fire guard has been developed for the film gate, 
which limits the burning of film to a single frame when left in the 
beam of light. 

One manufacturer has made an improvement in the intermiit- 
tent movement by the use of sleeves or rollers on the pins engaging 
with the cam thus providing rolling friction in place of sliding fric- 
tion. The rollers are held in place by a plate on the back of the cam. 

A portable projector with a solid bakelite case in place of the 
usual leather-covered metal case, has been placed on the market. 
This provides a light weight, fire-resisting construction of good 
appearance. 


Right Angle, Automatic Projection Arc. 


With the idea in mind of increasing the general illuminating 
efficiency of the projection arc, a right angle, high intensity arc lamp 
has been perfected. This lamp employs a positive carbon rotated. 
by a motor and a magnetic circuit which automatically feeds the 
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negative. The positive carbon lies horizontally along the optical axis 
and the negative electrode is so placed as to direct the light rays 
straight along this axis to the condensing lens. 


An Automatic Arc Control. 


A single motored projection are control has made its appearance 
on the market. This control is marked by its absolute simplicity. 
It consists of a magnet connected across the are terminals through a 
suitable resistance. The armature of the magnet coils is normally 
held away by an adjustable spring, the latter being adjusted after the 
proper are setting has been determined upon. When the voltage 
across the coil increases the armature is attracted toward the magnet 
coil, and in so doing, completes the feed motor circuit. The motor, 
working through a gear ratio of about 800 to 1, feeds the carbons 
together until they reach a position where the voltage is insufficient 
to hold the armature against the spring tension. The latter, there- 
fore, causes the armature to break the motor circuit. 


Camera Motor. 


A manufacturer of motion picture cameras has successfully 
designed a small compact motor for operating cinema cameras. To 
be successful, such a motor must be exceedingly accurate in balance 
so that there will be no vibration present. With this motor in use 
and operated from a storage battery, the cinematographer is able to 
give his entire time to the task of Keeping his scene in its proper 
place in the frame. 


Color Studies. 


Although not technical in its methods of application, it is inter- 
esting to note that some of the larger producers of film have been 
brought to recognize the value of properly preparing the tones of 
scenes and sets in order that the correct color values and relations 
may be evidenced on the final black and white screen picture. Color 
experts are now brought into consultation when lavish sets are being 
prepared. 


Fireproof Structures for Exchanges. 


Through the efforts of the various Fire Protective Associations 
and the film manufacturer, special structures to house film exchanges 
have been erected or are being erected in the distributing centers of 
the industry. Many of the older Exchanges represented fire hazards 
of the worst type. The new buildings are fire-proof in every par- 
ticular, and have been built to incorporate the ideas of those most 
experienced in the handling and storage of film. 


A. R. DENNINGTON, Chairinen. 
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PAPERS COMMITTEE REPORT 


R. KETTERING expressed the chief aim of your Papers 

Committee, when he said last night that engineering will ad- 
vance most rapidly by the exchange of information. There are, in 
general, two ways in which data is exchanged—one, through per- 
sonal contact and good fellowship; the other, through the presenta- 
tion and discussion of papers. 

It is the privilege of your Papers Committee to have most to do 
with the latter. In carrying on our work, we have tried not only 
to secure papers that would interest you and record progress in the 
various branches of the motion picture industry, but also to accom- 
plish a little broader work by devising ways and means for the com- 
mittee to become more permanently useful to the Society. 

Your committee had thirty-six (36) prospective papers lined 
up in preparation for this convention. Out of these we finally secured 
the papers which you have heard. We would call to your attention 
the fact that the arrangement of an interesting and valuable program 
is seriously handicapped by those who promise papers and then 
fail to finish them in time for the convention, or fail to deliver them 
after they have been finished. 

We realize that occasionally conditions arise which necessitate 
the withdrawal‘ of a paper, or a change of its scheduled time for 
presentation, but we urge upon authors that every effort be made 
to prevent such occurrences. 

We have made earnest efforts to find out from the membership 
of the Society the subjects in which they are most interested. We 
have even written a letter to every member of the Society asking for 
suggestions on convention papers. This has met with very little 
response. In lieu of such information, we have analyzed the papers 
that have been presented and tried to secure subjects on which in- 
formation is more or less lacking and which are of importance in the 
industry. 

However, the convention is primarily yours, and if you will 
tell us what you want in the way of papers, we shall make every 
effort to try and secure them for you. 

We would suggest, that before this convention is over, while 
things are fresh in your mind and you are enthusiastic, you get in 
touch with some member of the Papers Committee and make sug- 
gestions for the Spring convention, as your committee starts work 
on the Spring convention the day that the present convention closes. 

After a convention is over, your Papers Committee has ex- 
perienced considerable difficulty in securing for use in the Trans- 
actions complete texts, photographs and drawings for the papers 
which have been given. Unless the Transactions are issued promptly 
after a convention, they lose materially in value. 

There is a great deal of work entailed in the preparation of the 
Transactions; not only do the texts, drawings, etc., have to be 
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secured edited and turned over to the printer, but the proof has to 
be read, sent to the author for correction, and perhaps reprinted and 
returned for further correction. All of this takes time and the 
burden of the work falls largely on the Committee on Publications. 

It is absolutely impossible to publish the Transactions promptly 
unless the authors cooperate and send in their material shortly after 
the convention. 

Next year, by action of the Society, you have authorized the 
carrying out of the recommendations which your Papers Committee 
has made; namely, that papers be printed and distributed in advance 
of the convention and that at the convention, extracts or synopses 
only, of the papers be read; the majority of the time being devoted 
to discussion. 

You have also authorized having a public stenographer present 
to take down the discussions, and that the discussions appear together 
with the full text of the paper in the Transactions. Your Committee 
believes that as the paper itself is only one man’s opinion on the 
subject, it will be made much more valuable when thoroughly dis- 
cussed by numerous people. In order to accomplish this, however, 
it is absolutely necessary that the texts of papers for the convention 
be in the hands of the Papers Committee four weeks in advance 
of the convention. We would call this to the special attention of 
prospective authors for the Spring convention, asking their coopera- 
tion in this matter. 

You have also, by recent action, agreed to your Papers Com- 
mittee recommendation that extracts of the discussions given at the 
present convention accompany the papers when they appear in the 
Transactions. You will realize that it is impossible for our secretary 
to record long-hand the various discussions and we, therefore, point 
out to those who discussed papers the necessity of promptly sending 
either to the secretary or to the Papers Committee their discussions. 

We would also recommend that extracts of actions taken by the 
Board of Governors, and by the convention as a whole, appear in 
the Transactions. 

By way of more permanent work, your committee recommended 
some time ago that a new committee be formed, to be known as 
a “Committee on Progress”; this committee to report at each con- 
vention things of interest which have been accomplished in the 
various branches of the industry since the last convention. We are 
proud of the two reports which we have had from this committee 
and think they have demonstrated the value and permanence of 
this work. 

We believe that it would be of great assistance to extract any 
articles appearing in the Transactions of other technical societies, 
or in the press, which pertain to the work of the Society of Motion 
Picture Engineers, and we believe that a permanent committee should 
be formed to give such a report at each convention, this being a part 
of the committee’s work, the chief aim being cooperation with other 
organizations. We would, therefore, recommend the formation of 
a Committee on Reciprocal Relations. 
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We believe that the Utilities Committee, which was appointed 
at the request of the Papers Committee, proved its usefulness and 
service at this convention, and we trust the committee will be retained 
as a permanent part of our Society. 

Your committee has enjoyed its work during the past year and 
wishes to thank the Society as a whole for their support, and in 
particular the members with whom we have worked more directly. 
During the course of this work we have perhaps learned some things 
and secured some data which might be of assistance to the Papers 
Committee for the.coming year, and we should be very glad to place 
such information in the hands of this committee whoever they may 
be, and cooperate with them to the best of our ability. 


L. C. Porter, Chairman. 
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Report on Committee to Consider Correspondence Course 
for Projectionists 


N order to get some idea of what should be included in a corre- 

spondence course for projectionists, a general outline covering 
the principal subjects has been prepared. This outline is not ex- 
pected to be complete in its present form, but may be considered 
only as a skeleton to be developed as the work progressed. The out- 
line follows the general plan adopted by the International Corre- 
spondence Schools, and an effort has been made to present the 
various subjects in a logical order, though it is realized that there 
are a number of discrepancies in the first outline which has been 
made up. There are also a number of omissions in listing apparatus, 
as it has not been practicable to spend the time which would have 
been required to make a complete and detail outline of the complete 
course. 


Plan for Obtaining Material: 


Little difficulty would be found in obtaining from various manu- 
facturers of equipment special information regarding the apparatus 
or devices which they manufacture. This is the plan which has been 
followed successfully by the International Correspondence Schools. 
In some cases an employee in a manufacturing establishment has 
been hired by the Correspondence Schools to write a booklet or a 
series of booklets giving details of the apparatus manufactured. | 
doubt if it would be necessary to hire any employee in the various 
industries connected with the motion picture business, as the adver- 
tising value which these manufacturers would obtain would amply 
repay them for any effort in furnishing information. 


Preparation of Material: 


After obtaining descriptions of apparatus and the important 
facts involved in any special section, it is absolutely essential that this 
material be carefully edited. The entire success or failure of a 
course depends largely upon the editorial work. It must be kept 
continually in mind that the material is to be presented in such a 
way that it will not only be interesting but will be easily understood 
by the reader who has not had the advantage of any technical train- 
ing, and perhaps nothing more than a common school education, The 
text should be illustrated with very complete diagrams and half-tone 
cuts. Many of the points would require the making up of wash 
drawings in order to bring out the details which would need to be 
emphasized. Therefore, in addition to the editor, it is important 
that the illustrations be made up by someone who has had experience 
with or is conversant with the making of illustrations for corre- 
spondence courses. 
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Printing and Distribution: 


After the material has been prepared for printing, it is essential 
that a high quality of paper and good clear type be used, as, other- 
wise, the effort to present the subject matter in a clear, concise 
manner may be almost offset by a poorly printed page. Economy 
in the matter of paper in press work would be ill-founded in the 
making up of a successful correspondence course. 

In the outline which has been made there are ten general sub- 
jects covered. It is estimated that these ten subjects would require 
booklets of 25 to 100 pages each, and the average would probably be 
50 or 60 pages. 


Estimated Costs: 


Assuming that provision be made for distribution of 5,000 
copies of the correspondence course, and that the total number of 
pamphlets in the course is ten, and that these pamphlets would be 
issued at different periods, the printing cost would probably be about 
$1,000 per pamphlet or a total of $10,000. The editorial work re- 
quired would mean at least one year, and the estimated cost of this 
work is $3,000. Time of drafting required for illustrations would 
amount to approximately $2,000. Incidental expenses—traveling, 
etc., $1,000. The estimated cost of preparing the course would, there- 
fore, be $16,000. 

There are additional items of advertising, and the cost of dis- 
tributing the books to subscribers, which are not included, but it is 
very doubtful if any study course could be prepared for less than 
the amount given. 


A. R. DENNINGTON, Chairman. 
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Extracts of Action taken at 
Board of Governors Meeting, Hotel Miami, Dayton, Ohio, 
October 10, 1920 


HE following applications for active membership were presente¢ 
and accepted. 

Mr. F. Morrison, of Barr & Stroud, Ltd., England. 

Mr. P. R. Bassett, Sperry Gyroscope Co., Brooklyn. 

Mr. C. A. Ziebarth, Bell & Howell Co., Chicago. 

Mr. A. S. Howell, Bell & Howell Co., Chicago. 

Mr. J. H. McNabb, Bell & Howell Co., Chicago. 

Mr. Proksa, Universal Tool & Die Co., Chicago. 

Mr. H. F. Barnes, Edison Lamp Works, Harrison, N. J. 


The following applications for associate membership were pre- 
sented and accepted: 

J. Hornstein, Howell Sign Equipment Co., New York City. 

H. A. R. Dutten, Exhibitors Supply Co., New York City. 

1. L. Nixon, Bausch & Lomb Optical Co., Rochester. 

H. L.. Gage, Toronto, Canada. 

The following resigrations were presented and accepted by the 
board : 


D. J. Bell, C. B. DePue. 

The Treasurer stated that the Society’s finances were in a 
healthy state, having $2459.24 cash in the bank, about $100 due on 
7'4 membership dues still unpaid, about $470 due on advertising 
and considerable coming in as dues from new members. Against 
this, all outstanding bills amount to about $900. 

The Treasurer was instructed to present a detailed statement 
showing the Society’s net assets at the closing of this year’s books. 

The Treasurer stated that he had had himself bonded as treas- 
urer of the Society. 

It was pointed out that through a typographical error the name 
of Mr. B. R. Prector was omitted from the latest membership list. 
This will be rectified at once. The secretary is to make a complete 
list of all members in good standing a part of the minutes of each 
meeting. 

The question of the sale of Transactions was discussed. The 
Secretary suggested the preparation of a pamphlet giving titles and 
synopses of all papers presented before the Society to be distributed 
to projectionists and others. 

Mr. Burrows suggested supplying salesmen of motion picture 
equipment with copies of the Transactions to be purchased by the 
salesmen or the concerns they represent. 

Mr. Campe suggested running half page advertisements in the 
trade journals. 
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It was finally decided to prepare the booklet suggested by the 
Secretary and to run a small advertisement bearing the Society’s 
emblem in the trade papers stating that such a pamphlet and price 
list would be sent upon request and receipt of postage. It is antici- 
pated that this will result in the sale of many Transactions. 

It was decided to charge $.25 for any of the Transactions pre- 
vious to those of the Pittsburgh meeting; $1 for the Pittsburgh 
Transactions and all later ones until further action is taken. 

Mr. Roebuck exhibited the new application blanks and stated 
that two had been sent to each member of the Society. 

It was decided that at the next convention the papers will be 
printed and distributed in advance and that at the meeting, synopses 
only will be read, devoting the majority of the time to discussion. 
Each speaker is to be limited to a definite time. A court stenographer 
is to be provided to record the discussions. These will be edited by 
the Papers Committee and appear with the complete text of the 
paper in the Transactions. 

The secretary was instructed to send one set of the Trans- 
actions of each meeting to any and all other societies throughout the 
world whose work is similar to or bears on that of our own and to 
secure their transactions in exchange; these transactions to be ex- 
tracted by a committee and presented as part of the Papers Pro- 
gramme at each meeting hereafter. 

It was decided to use the Society’s official seal on all future 
membership cards. 


L. C. Porter, Secretary pro tem. 
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History of the Motion Picture 
By C. Francis JENKINS 


HAVE been asked by your Papers Committee to prepare a 

sketch of the conception, early history and development of the 
motion picture, but to compile an accurate account sufficiently com- 
plete without being too lengthy is not an easy task. 

Where the motion picture idea originated I have not found out, 
though a hundred years before the Christian era, Lucretus strangely 
wrote his friend thus :? 

“Do not thou moreover wonder that the images appear to move 

_and appear in one order and time their arms and legs to use; for 
one image disappears and instead appears another arranged in an- 
other way, and thus seems each gesture to change; for you must 
understand that this takes place in the quickest time.” 

This is an exact description of the motion picture of today, and 
if this is really what he meant, then it took two thousand years to 
get a suitable picture ribbon and a proper machine to handle it. 
And it will be noticed that the subject naturally divides itself into 
these two main elements, i. e., the picture-carrying vehicle and the 
handling mechanism therefor. The mechanism is of two kinds, i. e., 
one of them continuous movement, the other intermittent movement 
of the picture carrier at the illuminated aperture. The process, as we 
know it today, is likewise divided into two steps; the first a photo- 
graphic analysis of the animated subject, the second a synthesis of 
the elements into which the subject was divided by the analytical 
process. 

The success of the attempt to simulate animation depends 
initially upon persistence of vision, that faculty of the human eye 
which enables the retina to hold onto a light sensation for an appre- 
ciable time after the light is cut off. And curiously enough this 
phenomena seems to have been first mentioned by a blind man. 

The motion picture is not a sort of Minerva-birth of inventive 
genius, but like all notable achievements in mechanisms has had a 
long line of predecessors, for the difficult problem of recording and 
reproducing motion did not yield without much preliminary fum- 
bling. 

Obviously it would lengthen this paper beyond acceptable limits 
if description were made of the work of all who have contributed to 
the result in the form finally adopted and practiced at this time. 
I shall therefore endeavor to confine myself as far as this may be 
done to mention of the contributions of those who in turn first added 
a new step in the development of the idea. 

By a process of knowledge additions and eliminations the motion 
picture of today reduces itself roughly to six historical periods ; the 
first (1) a series of related picture elements; (2) the adoption of 


2 De Rerum Nature, book IV, verse 766. 
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photography to secure them; (3) the use of a single camera; (4) 
of perforated film; (5) of intermittent film movement; and (6) in 
making the period of illumination exceed the period of change or 
substitution of a new picture element, or frame, for the last in 
sequence throughout the series. 

The first motion picture mechanism we have any record of is 
the zoetrope, or wheel of life, though its origin is buried in an- 
tiquity. It may be that this is the device Lucretus was writing about. 

It usually consists, as you all doubtless well know, 

of a paper cylinder having equi-spaced axial slits 

cut through its wall. Between the slits on the in- 

side were arranged sketches of successive phases 

of an object in motion. By whirling the cylinder 

——=— and viewing the sketches through the slits as they 

The Zoetrope — passed the eye one got the sensation of an object 
in motion. 

The picture series were also put upon a slotted disc (this form 
may have antidated the drum type) and were viewed by looking 
through the slots at the reflection of the pictures in a mirror as the 
disc was whirled. 

The first attempt at projection followed this line, that is, trans- 
parencies were mounted in disc -form and illuminated from the back, 
a projection lens imaging these on a screen as the successive pictures 
of the series were momentarily exposed in the field of the lens. 

Plateau, who seems first to have made up such a mechanism, 
mounted sixteen pictures on his disc, suitably illuminated them 
through a whirling opaque shutter having a single radial slot therein, 
the shutter disc rotating sixteen times as fast as the picture disc. 
Though blind, Plateau appears to have given diligent study to this 
persistence of vision phenomena, and at this early date, 1849, curi- 
ously enough, hit upon the same picture frequency now universally 
used. This picture disc, intermittently illuminated, was subsequently 
employed by several experimenters. 

Another form was exactly the reverse of this plan, for instead 
of a single stationary lens and stationary light with a 16-picture 
transparent disc revolving between, consisted of a stationary disc 
with 16 pictures and 16 lenses, a single lens mounted in front of each 
picture, while the light whirled around to momentarily pass through 
each picture and adjacent lens. As all the lenses were adjusted to 
register at a single spot on the screen, the composite on the screen 
appeared, by persistence of vision, as a single uninterrupted picture. 

The idea of simulating motion by intermittent illumination of 
a series of related picture elements seems to have been the preferred 
method for more than a hundred years, the last of the line being 
Edison’s Kinetoscope of 1894 (to be described later). 

The picture series were first made in a camera in 1860, to the 
best of my knowledge, by Colman Sellers, an engineer, who, in one 
form, pasted the photo prints on an endless band for exhibition.* 


5 Sellers, U. S. Patent No. 31,357, issued Feb. 5, 1861. 
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In 1894, | met Mr. Sellers who described his devices to me and 
gave me photographs of them and also strips of pictures used therein. 

An acquaintance of Colman Sellers, and likewise a Philadel- 
phian, Henry R. Heyl, also made camera plates (of a dancing 
couple in action) making from the negatives wet-plate lantern slides 
which he mounted disc-wise, and revolved, step-by-step, in the light 
of a projection lantern. He gave a public demonstration at the 
Academy of Music, Philadelphia, Feb. 5, 1870.4 I have paper 
prints off the negatives, which he gave me in 1895. 

An examiner in the U. S. Patent Office, some ten years after 
allowing me a patent on a perforated picture strip in continuous. and 
synchronous motion with a plurality of lenses passing a fixed open- 


Projector with plurality of lenses. 


ing in a camera, called my attention to an anticipating French pub- 
lication, of March 1, 1864, in which Sr. Ducos illustrated and de- 
scribed much the same thing, i. e., a flexible picture band carried 
along by a sprocketed drum, synchronously with a plurality of 
lenses.° 

The first use of the now almost universally employed geneva 
gear or star-and-cam in projectors appears’ to have been made by 
A. B. Brown, in 1869.° However, the use of this type of inter- 
mittent gear is practically the only interest his contribution has for 
the historian. 

Marey, a French scientist, employed the zoetrope, the slotted 
cylinder described earlier herein, with solid figures instead of pic- 
tures, modeled in imitation of successive phases of an animal in 
action, which not only gave the action but the placticity of solid 
bodies. One of his instruments of this type is still to be seen in the 
Museum of the Paris Physiological Station. 

A variation of the picture-carrying drum, employed as a projec- 
tor, had a series of vertical mirror-strips for reflecting the light beam 
which carried the picture to the screen. It depended for success 


‘Franklin Institute Transaction of this year (1870). 
* Unpublished French Patent, July 5, 1864. 
°U. S. Patent 93,594, 1869. 
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upon the reflection phenomena that, to accomplish the desired result, 
the angular movement of the mirror must be but one-half that of 
the picture movement. Reynaud, in 1889, made such a device 
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Reynaud’s improved version of the Zoetrope. 


which was to be seen on the boulevards of Paris until the present 
type projector deprived it of public favor.’ 

Aside from the ribbon form of picture carrier, another which 
attained considerable popularity in its final and perfected form con- 
sisted in mounting the picture series as 
the leaves of a pad or book, which, bent 
back and exhibited by slipping from un- 
der one’s thumb, brings the picture into 
sight in such rapid succession that a very 
good motion picture is produced. 

The first mention I have been able 
to find of these thumb books, as they 
came to be called, was the invention of 
Linnett in 1868.5 They appeared from 
time to time in one form or another, 
sometimes being mounted in a_ holder 
with a mechanical detent to press back 
the cards. 


The Thumb-bock 


* British Patent 2,295 of 1889. 
* British Patent No. 925 of 1868. 
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The most pretentious of these instruments was the Mutoscope 


of Herman Castler® in 1895. 
from a drum to which they 
were attached by their bot- 
tom ends, a thousand or 
more on a single drum, and 
these slipping from under a 
detent exhibited the pic- 
tures thereon with smooth- 
ness and precision. It was 
a coin operated machine 
and “picture parlots” 
equipped with Mutoscopes 


were established the 
large cities, seaside and 


mountain resorts and pleas- 
ure parks, holding the pub- 
lic favor until the advent of 
the 5c-movie theatre. 


The Phantascope 


The picture cards stood out radically 


The Mutoscope 


The Messrs. Lumiere, of France, 
brought out a similar machine which 
they named the Kinora. The striking 
feature of this machine was the curved 
picture-carrying cards, curved to add 
resiliency. 

My own contribution to this line 
was a Phantascope toy,’® in which a 
flexible band was employed, the cards 
being attached thereto by their lower 
ends and having a spaced relation of 
about five thousandths inch. This close 
spacing of the cards assured a firm 
adhesion to the band and to each other 
when a flexible glue was used. 


But it is to the persistence of Edward Muybridge that we are 
indebted for the most scientific research in motion analysis, work 
which he began in 1879. His animal studies became classics with 
artists. Wet plates only were then available and he used above half 
a million of them in a plurality of cameras arranged in order along 


a track over which his subject was required to pass. 


He thus ob- 


tained consecutive impressions at regular intervals of time and dis- 
tance during a complete stride." His first work was financed by the 


°U.S. Patent No. 549,309, 1895. 
10U.S. Patent No. 779,364, 1905. 
11 Franklin Institute Journal, April 1883. 
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pe Hon. Leland Stanford, of California, a lover of fine horses.12. Be- 
lly tween 1883 and 1887, he was engaged in like work at the University 
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add Some results of Muybridge’s 


experiments. 


of Pennsylvania, where his “Animal Locomotion” was published. 


line On February 27, 1888, Mr. Muybridge interviewed T. A. Edison 
ha as to the possibility of combining his Zoaproxiscope projector with 
rds Edison’s phonograph, but without result, though Mr. Edison did 
wer exploit such a combination some years later. 
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Dr. Marey’s experiment with phases of animal locomotion. 


The next to come prominently into notice was Dr. Marey. 


Sometime after meeting Muybridge in Paris, in 1881, where Prof. 
Muybridge was exhibiting at the Electrical Exposition, Marey set 


%? The Century, July 1, 1887. 
41 


| 
- 


about to determine by graphic methods the trajectories, velocities 
and accelerations of moving parts of the human body, acquiatic 
locomotion, ete. At first, he used plates but later, 1888, used ‘ta long 
roll of sensitive film” intermittently fed past the exposure aperture." 
His work has a permanent value to science. 

In 1887, Auchutz published'* a description of his tachyscope, a 
device which was later shown at the World’s Fair, Chicago, 1893. 
The apparatus consisted of a glass wheel the pictures on which were 
lighted by the flash of a vacuum tube as they came into position; 
though the machine is the same as that described by Donisthrope, 
of London, in Nature. issue of January 24, 1878. 

To concentrate a considerable length of entertainment on a con- 
venient area a disc picture carrier was attempted by several in- 
‘ventors. In one scheme a glass plate was employed upon which 

series of pictures were spirally arranged, as in the Anthony device. 

A British patent of 1900 to Rosenberg discloses another plan, 
a film having two rows of pictures thereon, each row being half 
of the whole show. At the end of the first row the film was 
shifted and run in the opposite direction to show pictures of the 
second row. Edison in his home projector of 1911 followed the 
same scheme, 


The LePrince Patent 


In 1886 Augustus Le Prince, of New York State, filed an ap- 
plication’® for U. S. Patent which disclosed transparent picture rib- 
bons having a row of perforations along each edge of each film. 
Four such strips were used in the machine, four pictures being made 
on each in succession behind sixteen lenses. A single lens modifica- 
tion is suggested, with perforated film driven by a sprocketed drum. 

It is curious that those who came nearest anticipating future 
accepted methods and mechanisms should have failed to follow up 
their work. As another shining example I might cite Mr. Levison, 
who publicly exhibited at the Brooklyn Photo Club an apparatus 


'* Academy des Sciences, Comtes Rendus 1888, CVII, page 
677-678. 

‘* Philadelphia Photographer 1887, p. 328-688. 

* Serial No. 217,809; Patent No. 376,247. 
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much like present day devices; it had flexible film, moved step by 
step, and behind a single lens.'® 

Plates, cards, paper strips, drums and glass discs had been used 
for animated pictures, but when in 1885 Rev. Goodwin invented the 
transparent celluloid flexible film the way was opened to rapid ad- 
vance, for the necessary unlimited capacity in the picture carrier was 
then possible. 

In 1889, Mr. Dickson began, at Thos, A. Edison’s direction, the 
development of a picture machine.'* News of what was being done 
appeared in print from time to time and the summer of 1894 saw 
the beginning of the public exhibition of his Kinetoscope, a box into 
which one looked to see picture in animation. 

The picture ribbon was passed continuously between a small 
lamp and the eye of the observer, the view being cut off by a rotating 
disc about a foot in diameter and having a one-eighth by one inch 
radial slit therein near the periphery. Through this flying slit 
the observer got a momentary sight of each picture frame as it 


Appearance of first Kinetoscope. 


came into position above the light. The frames passed at the rate 
of 46 per second, a high speed being required because of the in- 
stantaneous view and meagre illumination. The pictures were small, 


*® Brooklyn Eagle, and Brooklyn Citizen, both of June 14, 1888. 
7 Scientific American, June 20, 1891, also U. S. Patent 493,426. 
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of course, but excellently done. The excellence of the Edison pic- 
tures without doubt proved a stimulus to the rapid development of 
the art, far more than any contribution in mechanical design or new 
methods, as was later demonstrated when the courts held that the 
Edison patents and re-issues were anticipated and invalid. 


Among the early Eng- 
lish workers were Friese- 
Greene and Mr. Evans 
who exhibited a camera be- 
fore the Bath Photo So- 
ciety, February 25, 1890, 
and in 1895 were working 
on a projector, work which 
was concurrent with the 
work of the Lumiere 
Brothers in France. The 
Lumiere camera was also 
used as a projector, how- 
ever, and as such came to 
America in 1897. 


The American Biograph, 
built by Herman Castler in 
1896 was one of the very 
best of the projectors of 
these early development 
years. He worked on the 
theory that the larger the 
frame the sharper the defi- 
nition on the screen because 
of the less enlargement re- 
quired. This machine used 
234” width of film. The 
film, unperforated, was advanced through the projector by the grip- 
ing action of mutilated cylinders which contacted for only a fourth 
of a revolution. The resultant screen picture was excellent, but 
like all the other mechanisms employing film differing from the 
generally accepted standard, had its day, played its part and dropped 
from sight. 


In 1890, I began work on mechanisms for recording and repro- 
ducing motion. Two systems were developed side by side; one 
employed intermittent motion at the picture aperture, the other con- 
tinuous motion. Cameras were first made, in which film was used, 
split to width in the dark from Kodak film bought in local photo- 
graphic shops. These pieces were spliced into strips, sometimes 
twenty-one feet long, if I was lucky. Prints were made from nega- 
tives exposed in the cameras—usually in the continuous motion 
camera, for it made the steadiest pictures, though projection was 
mostly in the intermittent machine which had no interrupting shutter 
and therefore gave most illumination. 
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The continuous motion mech- 
anism consisted of a rotating disc 
carrying a plurality of matched 
lenses arranged around its periph- 
ery and passing in single line se- 
quence across an adjustable open- 
ing in exact synchronism with a 
film moving downward in the 
focus of the lenses. Different 
mechanisms were made, with an 
equipment of lenses ranging from 
five to forty-eight and in spaced 
relation depending on the height 
of the frame chosen. 

In the intermittent mechanism 
the film was illuminated for about 
seven-eighths, and moved in about 
one-eighth ofa period. A “beater Continuous motion mechanism with 

” plurality of lenses, 
type” was first employed and later 
followed by the geneva gear, a gear found in many makes of watches 
to prevent winding the spring too tight. 

My work was my own, but viewing the art in historical retro- 
spection from this late day, it is evident that the solution of the 
illumination problem was my only Me Ae contribution to the art 
as practiced from 1890 to the present time. I must confess that 


I don’t quite understand why the thing wasn’t hit upon by someone 
previously, it was so simple and so perfectly obvious when once 
done; like the half turn of the screw which made the constant con- 
tact transmitter, which, in its turn, made the telephone a commer- 
cial article. 


All my old apparatus was acquired by the United States Na- 
tional Museum in 1895 and there it can still be seen (on exhibit in 
the Graphic Arts department). 

My projectors were motor driven and by some accident of 
design were built left-handed, a type which has since been followed, 
consciously on unconsciously, in the design of machines the world 
over. 

Exhibitions to friends were given from time to time in 1891, 
1892 and 1893, though my first exhibition of which any account ap- 
peared in printed publications, was in June of 1894."* 

In March following I secured the financial assistance of a local 
man and we built three copies of this early machine and exhibited 
them at the Cotton States Exposition, Atlanta, 1895.'° These were 
the first of picture shows in a building built exclusively for the 


purpose. 


18 Richmond Telegram, Richmond, Indiana, June 6, 1894. 
1” Baltimore Sun, Oct. 3, 1895; Atlanta Journal, Oct. 21, 1895; 
Albany, New York, Times-Union, Oct. 21, 1895. 
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In the winter following, I demonstrated the original instrument, 
the Phantoscope, before the Franklin Institute of Philadelphia®® and 
at the close of the demonstration it was voted that the matter should 
go before the proper committee to determine whether it ought to 
receive scientific acknowledgment. The Committee in due course 
recommended the Elliott Cresson Gold Medal and published its find- 
ings in the Journal for three months, Thereupon the proposed award 
was vigorously opposed by two interested gentlemen, but after many 
months of taking testimony and considering evidence and data sub- 
mitted, the originally recommended award was made. Eighteen years 


The original Jenkins lateral projector. 


later a second award was made, the John Scott medal, for improve- 
ments, i. e., lateral projection, as demonstrated in a machine which 
I later christened the Graphoscope. 

Efforts have been made from time to time to exploit synchron- 
ized pictures and sound, but without success. There is no difficulty 
in synchronizing. This has been accomplished in several ways by 
those engaged thereon, my own scheme being to put the sound 
record on the film as a sinuous edge so that accidental destruction 
of a part of the film would take out as much sound as picture, and 
when spliced again would still be in synchronism and without any 
adjustment of mechanism. The public, however, did not favorably 
receive any of the singing pictures and all such schemes disappeared 
when the novelty of a single exhibition had passed. The silent drama 


2° Franklin Institute Bulletin December 1895 and Franklin In- 
stitute Journal, January, 1896. 
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is attractive to a very large extent, I think, because it is the silent 
drama. 

Stereoscopic motion pictures have been the subject of con- 
siderable thought and have teen attained in several ways, as de- 
scribed in the October, 1919, transacticns of this Society, but never 
yet have they been accomplished in a practical way. By practical, 
| mean, for example, without some device to wear over the eyes of 
the observer. It is generally conceded that its acceptable accomplish- 
ment would enhance the beauty of the motion picture. 

Motion pictures in natural celor have been attained by several 
persons, one of the first to have wide public exploitation was that 
employed by Smith and Urban (Chas. Urban, one of our members ). 
The film had color stencil frames alternating longitudinally of the 
film and which were projected respectively through red-yellow and 
green-blue tinters so that the film running through the machine at 
twice standard speed produced a composite screen picture in natural 
color and motion. 

Gaumont in 1913 had a color scheme in which three rows of 
frames were arranged side by side on a wide film, each row being 
projected through its appropriate tint and, superimposed, produced 
a screen picture in natural color. With a synchronizing attachment 
sound was also added giving “talking motion pictures in natural 
color.” 

As each of these schemes required special apparatus difficulty 
was experienced in exploiting these processes and they fell by the 
wayside, 

The process which will succeed is that which fits standard ma- 
chines without change. Such, for example, as that patented*' by 
Arturo Hernandez and skillfully developed by one of our members, 
Mr. Kelley. This was demonstrated at our Philadelphia meeting 
and described in the transactions of November, 1918, and April, 
1919. It consists, as you will remember, of a double coated film, 
the red-yellow frames being on one side and the blue-green frames 
on the other side of the film, each side tinted in its proper color 
throughout the length of the film. Such a natural color film can be 
run in the standard projector without change, and can, and often is, 
put into a split reel with monochrome film. 

The suppression of flicker (and resultant headache) was the 
next problem to attract attention and the first mention I find is in 
1900** and the description says that “the shutter rotates once in the 
interval between the movements of the film.”** But as more com- 
monly practiced flicker is subdued by adding one or more blades 
rather than by rotating the shutter oftener. 

In France the Pathe Brothers have a notable establishment 
in which the requisites for the entire motion picture process are 


S. Patent 1,174,144. 


*? British Patent No. 2283 of February 5, 1900. 
** From Digest in U, S. Patent Office Library. 
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produced, i.e., raw stock, cameras, laboratory equipment, studio and 
projectors. In England Chas. Urban for several years maintained 
a similar plant and his accumulation of educational and scientific sub- 
jects are probably unequalled anywhere. 

We have no similar establishment in America, the Yankee being 
more prone to specialize. And my sketch would be incomplete 
should I fail to mention the impetus initially given to quality picture 
production by Messrs. Bell and Howell, makers of fine cameras 
and printers. Another who has made himself paramount in his 
specialty, picture printing, is Mr. Rothacker. Both Bell and 
Rothacker are members of our Society. And just here let me note 
that quality production has been possible by the uniformly high 
standard of raw stock furnished by George Eastman, represented 
_in our Society by Mr. Blair. 

Projection has not been developed to the same high degree, 
perhaps because the accomplishment is far more difficult. The analyt- 
ical end of the motion picture process has always been the least 
troublesome, principally because of the ample time latitude of film 
movement in the camera and printer. The projector still lacks the 
100% quality for 100% of time of a completely developed machine, 
in addition to an efficiency of but 50% in light utilization. 

And yet I think it one of the most remarkable mechanisms 
extant. Consider its intermittent sprocket for example; it handles 
a thousand feet of fragile and delicate film per minute, with a start- 
and-stop motion, at a speed of 150 feet per second at the maximum 
point, stopping it with so nearly microscopical exactness that, mag- 
nified, say, four hundred diameters, and repeated sixteen times a 
second, the unsteadiness is almost nil. 

As for players our art now has such popularity that few actors 
and actresses of the speaking stage have been able to resist the lure 
of the silent drama, despite their prejudice, though none of them has 
made so great successes as those of less or no foot-light experience. 
Apparently stagecraft and cameracraft don’t “gee.” Certain it is 
that new names have attained stellar brilliance in the pictures, the 
new medium of expression having developed a new type of artist 
both in acting and in direction. 

But we should not forget that while our art as an industry is 
the fifth largest in the world, and money has been spent with reckless 
disregard of values, it was the courageous spirit who established the 
first 5¢ movie house who made such expenditures and such returns 
possible. This was the real beginning of the expansion which made 
an industry of a scientific plaything, and a film exchange system 
which has endured to this day. For just as the central exchange 
made the telephone widely useful, so the movie theatre made the 
motion picture a profit paying entertainer. 

So, as Sargent happily puts it, for fifteen years now we have 
had a device for dramatic representation which has given us every 
form of entertainment known to man since the beginning of time. 
We present the story teller in a pantomine far more effective than 
mere words alone; we show every form of spectacular reproduction 
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in a splendor never dreamed of by a Caesar ; we present every human 
emotion known to exist in a realism and costume true to nature; 
we multiply the magic lantern a thousand-fold in every reel; we 
bring every distant country, every strange people, every quaint cus- 
tom, every new and wonderful invention, every scientific discovery ; 
all this we bring to the stay-at-homes and an humble coin pays the 
fiddler. The child of today has seen more of the world than did the 
traveler of yesterday. 

Many great enterprises have begun with the doing of some 
very simple thing. So in motion pictures when the opening in ihe 
shutter was enlarged scientific grouping stopped and the development 
of an industry began, an industry grown already to great magnitude. 
But I firmly believe that because of its universal usefulness, the 
ability to convey information between all peoples of the earth (for 
you should remember that it is without language or literacy limita- 
tion), the motion picture is destined ultimately to be the greatest 
single industry known to mankind. I think, therefore, fellow en- 
gineers, we may justly be proud of our vocation. 
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REPORT OF THE OPTICS COMMITTEE 


gaa the last meeting of the Society the Optics Committee has 
repeated its former tests on the effect of color in projection, 
using a method not subject to some of the possible errors of the 
former one. When the film itself was dyed there was a chance of 
the dyeing material affecting the clear and opaque portions of the 
film to a different degree. Accordingly in the recent tests two un- 
colored loops from the same film were used, the picture being of a 
stationary object to insure equality. Each was then run through a 
machine—the machines being as nearly alike as possible—and the 
two pictures thus obtained were thrown side by side on the screen 
as before. A large piece of dyed gelatin was held just beyond one 
objective. The observers sat near the center of the room, so as to 
see both screens from the same angle, and recorded which picture 
seemed brighter, which clearer, and which of greater contrast—the 
colored or the black and white. 

A metal mesh that intercepted half the light was next put over 
the objective used with the uncolored picture, and a second record 
was then made by the observers. A third and fourth record were 
made with the uncolored light reduced by meshes to 4 and '% of 
its initial value respectively. Before each comparison the screen was 
darkened and the room lights turned on to bring the eyes of the 
observers to approximately the same sensitivity each time. 

Above is given a table of the results. Columns 1 and 2 give the 
number and name of the color, column 3 the percentage of the light 
falling upon the filter from a tungsten filament at 2880°K, that is 
transmitted. This percentage had been previously measured with a 
flicker photometer. 

There are nine columns under each heading, Brightness, Clear- 
ness, and Contrast. The figures under columns } denote the number 
of observers that thought the brightness, clearness, or contrast of 
the colored picture to be equal to the uncolored one without inter- 
cepting mesh. Under columns, d, f, and h, is given the number 
who considered the colored picture equal to the uncolored picture 
when the latter was reduced by a mesh to %, 4, or ' full brilliancy. 
Similarly columns c, e¢ and g give the number of observers who 
recorded the point of equality as lying between the adjoining 
columns, and a and i beyond. For example, in color la three ob- 
servers thought the contrast in the colored picture to have been less 
than in the black and white at full brightness, but greater than in 
the black and white reduced to one-half brightness. 

The colors were run through twice. The results of the first 
trial are given in the top half of each square and of the second in 
the lower half. In every case the readings indicate a gain by the 
colored picture in relative clearness and contrast, as well as bright- 
ness, each time the brightness of the uncolored light is reduced. 
This of course means that when any observer has decided that the 
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contrast or clearness of the colored and uncolored pictures are equal 
for any given brightness of the uncolored light, for all values of 
brightness of the uncolored light less than this, the colored picture 
will seem to have greater contrast or clearness. 

The columns under “Average” in the Table give the average 
brightness, clearness and contrast of all the observers for both trials, 
the two trials being weighed equally though there were more ob- 
servers at the first than at the second. The second trial, as may 
be seen, indicates a value of brightness, clearness and contrast lower 
than the first by approximately 20%, 15% and 30%. Part at least 


Units of B-T arranged in a circular spectrum. 


of this difference can be accounted for by a difference in the two 
machines (which were interchanged for the second trial) so small 
as to be detectable only by the averaging of a number of readings 
such as those described. 

As far as can be seen clearness and contrast follow brightness 
quite closely, instead of contrast being considerably greater in the 
colored picture, as reported in the last Transactions. This would 
lend some strength to the belief that dye does not act uniformly on 
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a photographic film having different quantities of silver at different 
points, but that the dye collects around the silver particles. 

In the column headed “Transmission” are given the values 
graded by letter of the transmission fraction given in the second 
column, and under B-T the difference between the average bright- 
ness, as judged by the picture on the screen, and the transmission— 
i. e., the brightness as measured by the flicker photometer. The units 
are approximately 10% of the larger value (one-third the difference 
between any letter and the next in order). These values of the 
differences are shown very roughly in the accompanying figure. The 
spectrum is arranged in a circle, the ends being brought together 
so that the violet fades into the red as the red fades into the orange. 

Though ‘ar from perfect in their agreement, the points indicate 
a fourfold difference of brightness as compared on the screen be- 
tween yellow and violet of equal brightness as measured by the 
flicker photometer. Also there seems to be a suggestive symmetry 
about the orange-yellow, blue-violet diameter. 

In conclusion, the Committee wishes to show a few repre- 
sentative slides to indicate not only the method of the experiments, 
but also the difficulty an observer experiences in determining the 
effect of color on brightness, as well as clearness and contrast. 
Though in some instances the preference is quite marked it does not 
necessarily follow, as is shown in the Table, that a second trial of 
the same slide will produce the same impression, 

The Committee does not regard the conclusions indicated above 
as in any sense final, but the problem is one of such complexity, 
and the time available for the tests so short, that progress must 
necessarily be slow. 


W. E. Story, Acting Chairman. 
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Reducing the Fire Hazard in Film Exchanges 
By Georce A. BLair 


ITH the rapid growth of the use of motion pictures in the 

amusement, educational and scientific fields, there has been a 
corresponding increase in the amount of film in storage and com- 
mercial circulation, and while regulations were adopted with respect 
to transportation and safeguards including the use of fire-proof 
booths and licensed operators in its projection in the theatres, com- 
paratively little attention was given to the matter of proper and 
adequate protection in the ever increasing number of film exchanges, 
from which distribution is made to the motion picture theatres. 

This situation, as far as the exchanges are concerned and par- 
ticularly in the earlier days of the industry, may be attributed to the 
necessity of securing convenient and available premises, without 
sufficient consideration being given to the fact that the storage of 
film introduced a fire hazard, more especially where large quantities 
of naked film were being handled. 

A relatively small number of the many connected with the 
motion picture industry in its various branches are familiar with 
the manufacture of the film or have understanding of its physical 
properties, more especially with respect to its behavior when sub- 
jected to fire. Under the circumstances, it will be recognized that 
carelessness and indifference in the handling were constantly in evi- 
dence, yet in spite of this condition serious fires with attendant loss 
of life were a comparatively rare occurence. 

Practically all motion picture film used in the amusement or 
theatrical field has a nitro-cellulose base or support on which the 
sensitive or photographic emulsion is coated. This base or support 
is composed of a cellulose nitrate of a low degree of nitration. It is 
readily inflammable and one of its interesting characteristics is that, 
chemically speaking, sufficient oxygen is present within the structure 
of the material to help support combustion, or to continue decompo- 
sition without additional outside air. 

When ignited and burning in a liberal supply of air, film burns 
rapidly with a yellow flame and very little smoke, but if there is a 
limited supply of air it will often decompose without flame but with 
the evolution of a dense, whitish-yellow gas, which latter phenom- 
enon is called decomposition. 

One of the first serious film fires occurred on September 7, 
1909, in a film exchange located in the Ferguson Building, Pitts- 
burgh, where the breaking of an unprotected extension electric light 
bulb set &re to a naked reel of film within a vault which contained 
about 185 reels. The burning reel was thrown out of the vault to 
an adjoining room and the door closed but other reels «vithin the 
vault became ignited. There was no vent or pressure relief leading 
out of the vault, so that the gases of decomposition were formed 
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under pressure and forced out around the door cracks to adjacent 
rooms. The mixture of gases with the air caused a violent explosion 
in these rooms, while the vault remained intact with the door closed. 
On later investigation it was found that the reels within the vault 
had undergone decomposition, leaving only a carbonacious skeleton 
which retained very closely the original form of the rolls. 

This unusual explosion called for an immediate and thorough 
investigation. Since the action of the fire and methods of combatting 
it were not understood, an almost exaggerated fear of the hazard 
involved in this type of business was created. 

As part of this investigation, a study of the nature of the gases 
of cecomposition was made by the Explosive Division of the United 
States Geological Survey. The result substantiated previous in- 
vestigations made of the flameless decomposition of celluloid; 
namely, that the gases consist of variable quantities of such gases as 
carbon monoxide, carbon dioxide, hydrogen, nitrogen, oxygen, N.O, 
and NO, together with tarry matter. It was found that if decom- 
position occurred under pressure, the percentage of hydrogen and 
carbon monoxide was high, thus giving a greater probability of an 
explosive gas mixture with air. Under ordinary pressure, however, 
the hydrogen and carbon monoxide are present in lower percentages. 
It was then first realized that a pressure relief opening is absolutely 
necessary in storage vaults, and that any explosions which may 
occur in connection with the storage of film are gas explosions. 
Motion picture film itself, contrary to an erroneous popular idea, 
does not and will not explode. Its danger lies in its proclivity to 
decompose at a temperature slightly over 300° F. and to continue 
decomposition without the aid of oxygen from the air. 

The need for standard and effective means for the prevention 
and combatting of film fires was seen. No general attempt had pre- 
viously been made to draft regulations for governing the handling 
and storage of inflammable motion picture film. As aforestated, there 
had been but few fires with an extremely small loss of life, but the 
hazard was recognized, and the Spring of 1915 saw the beginning 
of experimental tests which were to serve as a basis for future 
standards of fire protection for film. 

The test at the Universal Film Manufacturing Company plant 
at Fort Lee, N. J., to determine the proper size of vent for film 
storage was immediately followed by a series of tests conducted 
by the Eastman Kodak Company to ascertain the effectiveness of 
automative sprinkler protection in vaults, and proper methods of 
storing film. 

The details of these tests are of interest, but it is probably more 
advisable at this time to give merely the results, which may be 
briefly summarized as follows: 


First: Automatic sprinkler protection is absolutely essential 
in film storage vaults and cabinets. Each standard vault of 
750 cubic feet should be equipped with 12 sprinkler heads, for 
only large quantities of water instantly applied can provide the 
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necessary cooling effects and prevent the possible formation 
of explosive gas mixtures. 

Second: Ample pressure relief openings or vents are neces- 
sary to prevent the building up of pressure in vaults and 
cabinets. The area of these vents was determined at 70 square 
inches for each 100 reels of film or at 1,400 square inches for 
each standard vault of 750 cubic feet, actual storage capacity. 

Third: The subdivision of the film racks into sections by 
asbestos board or heat insulating material is an added safe- 
guard, or check, to the rapid spread of fire. 

Fourth: All film, whether in vaults or in rooms, should be 
kept in individual containers made of a heat resistive material, 
and with corrugated top and bottom. These containers are 
round; about 10%” in diameter and 134” thick. 

Fifth: These individual containers must be stored on edge, 
that is, in a vertical position. This will insure proper sprinkler 
operation, the corrugations permitting the free passage of water 
between the containers, thus checking the spread of the fire. 

Sixth: All film, when not actually being worked upon, should 
be kept in storage vaults or cabinets. 

With the results of these experiments as a basis, and with the 
knowledge and conviction that motion picture film fires could be 
controlled, the National Fire Protection Association drew up regula- 
tions governing the handling and storage of nitro-cellulose motion 
picture film, recommending their adoption as standard. These regu- 
lations have undergone but few minor changes and are now published 
in booklet form by the National Board of Fire Underwriters and 
recommended by them to be used as a basis for municipal ordinances. 

For the most part, such fires as occurred were caused through 
carelessness and the neglect of precautionary measures and a general 
lack of understanding as to the proper methods of handling and 
safeguarding the film. 

The motion picture interests, realizing that fire protection was 
economically advisable and necessary as a matter of safeguarding 
life and property and that neglect or failure to observe standards of 
fire protection would have a detrimental reaction on the entire in- 
dustry, appointed, through their organization—the National Asso- 
ciation of the Motion Picture Industry—a special committee on fire 
prevention. 

Another fire, which unfortunately again occurred in a Pitts- 
burgh film exchange on January 7th, 1919, and in which a number 
of lives were lost, provided a concret> impetus to the carrying on 
of this new work. The regulations recommended by the Fire Pro- 
tection authorities were endorsed and th» entire association pledged 
itself to the active improvement of exis *ng conditions in film ex- 
changes throughout the ccuntry and to the instruction of those 
immediately responsible for exchange management. 

The Eastman Kodak Company offered assistance in the further- 
ance of this program by providing men, especially trained for this 
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particular type of work, who made thorough inspection of every 
exchange in the United States and Canada, and in each case sub- 
mitted reports containing positive recommendations for improve- 
ment to the producers operating these exchanges. In these tours of 
inspection, which covered 56 cities, approximately 1,500 inspections 
were made in about 600 different exchanges, Each exchange received 
at least two visits and most of them were inspected three times. 
That there was great need for better methods of fire prevention in 
all localities was forcibly demonstrated, and, also, that to provide 
adequate protection in these exchanges, the majority of which had 
substandard equipment and were improperly housed, would require 
a wasteful and unsatisfactory program of expenditure. This situ- 
ation being drawn to its attention, the National Association of the 
Motion Picture Industry entered upon a broader plan of construc- 
tive activity and, through its film exchange building committee, has 
been actively engaged in promoting the erection of new and adequate 
film buildings, complying fully with the fire prevention regulations 
and providing ideal arrangements for the conducting of an exchange 
business. 

As a direct result of this work, buildings in Kansas City, Atlanta, 
Pittsburgh, Buffalo and Cincinnati have been completed and are 
occupied exclusively by film exchanges, and exchange buildings are in 
the course of construction in Cleveland, New Haven, Omaha, 
Montreal, San Francisco and Los Angeles, while active promotion 
is being carried on in Philadelphia, Chicago, Milwaukee, St. Louis, 
Indianapolis, Denver, Salt Lake City and other cities. 

At a regularly called meeting of the Distributors’ Division of 
the National Association of the Motion Picture Industry held in 
New York on April 23rd, 1920, the following resolution was passed : 


Resolved, That we affirm our pledge of cooperation with 
and support of the work of the National Fire Protection Asso- 
ciation and the recommendations of that body for the handling 
and storage of motion picture film as adopted by the National 
Board of Fire Underwriters. 


This resolution, together with a report of the activities of the 
Fire Prevention Committee, was read at the 24th Annual convention 
of the National Fire Protection Association held in Chicago on May 
4th, 5th and 6th, 1920, and was received with unqualified approval 
by that body. 

In connection with the new Kansas City building referred to, 
undoubtedly most of you have learned of the recent fire in this 
building. After a thorough investigation had been made, it was con- 
clusively shown that the fire was entirely due to violation of minor 
structural details and, most important of all, to the absence of 
automatic sprinkler protection, which was in course of installation 
at the time of the fire. Had it not been for the major structural 
features of the building, which proved their worth in an excellent 
manner, the results would in all probability have been much more 
serious. The fire was confined to a very small portion of the 
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eleventh and twelfth floors, being held by fire doors and partitions. 
The damage to the building was almost inconsequential, or in ihe 
neighborhood of $10,000.00. 

The Eastman Kodak Company stands ready and willing at all 
times to act in an advisory capacity on plans and specifications of 
prospective film exchange buildings without cost to the builders ; also 
to make inspection of buildings as construction progresses and prior 
to occupancy, and should it be found that the plans as recommended 
have not been followed, to point out the facts in written report io 
both owners and lessees. 

It is believed that with such cooperation. the exchanges will be 
properly constructed and equipped and, with the addition of good 
housekeeping and maintenance on the part of the tenants, that the 
possibilities of fires will be reduced to the minimum with absolute 
certainty of quick contrcl, should they, by any chance occur, 
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Reflection Characteristics of Projection Screens 


By Lioyp A. Jones and Mitton F. 


HEN it is considered that the enjoyment of the entertainment 

offered in the motion picture theater depends almost entirely 
upon the visual organs, it will be recognized that the importance of 
providing conditions which will result in the least possible visual 
fatigue to the audience cannot be overestimated. There are many 
factors which deserve the consideration of the motion picture en- 
gineer in order that the maximum of visual comfort may be obtained, 
among which may be mentioned the proper distribution of the in- 
terior illumination, the elimination of excessively bright surfaces in 
the field cf vision, and the proper adjustment of the screen bright- 
ness. The fact that the attention of the audience must remain fixed 
for long periods of time upon the projected picture makes it of 
utmost importance that the projecting system be so adjusted that the 
screen brightness is neither so high as to cause visual fatigue due to 
glare, nor so low as to throw an undue burden upon the retinal 
accommodation. 

The optical properties of the surface upon which the motion 
picture is projected determines to a great extent the ultimate effi- 
ciency of the entire installation, and hence should receive due con- 
sideration at the hands of the motion picture engineer. While there 
is no doubt that this is recognized, and that considerable improve- 
ment in the quality of projection screens has been made in recent 
years, it seems that the subject has been approached largely from the 
practical standpoint and that little quantitative data are available 
relative to the optical characteristics of the materials used so ex- 
tensively at the present time. 

In view of this deficiency, it seemed worth while to examine 
critically the reflection properties of the large number of commercial 
screens on the market. From the data obtained by such examination, 
it will be a relatively simple matter to choose the most efficient screen 
surface for a given installation. An examination of the commercial 
screens obtained showed a remarkable variation in reflection charac- 
teristics, ranging from surfaces which almost completely diffuse the 
incident light to screens of a very specular nature, having very high 
reflecting powers on the projection axis and very low values in direc- 
tions departing by relatively small amounts from the normal. When 
the question of adapting the screen to the shape of the room in which 
it is to be used is considered, it will be seen that it is quite hopeless 
to obtain in all cases the max'mum efficiency with a screen of fixed 
characteristics. 

For instance, if the length of the room is large relative to its 
width, a screen of the completely diffusing type is very wasteful of 
light, and the necessary screen brightness can be obtained over the 
required angle by the use of a screen which reflects a large propor- 
tion of the incident light within a comparatively narrow angle. 
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Fig, 4. 


Distribution Curves of Miscellaneous Surfaces. 


Fig. 3. 


thus permitting the use of lower amperage in the arc of the projec- 
tion machine. On the other hand, a screen of the specular type in- 
stalled in a room where the length is relatively small as compared 
with the width will not be found satisfactory. Since the screen in 
this case may be viewed by a part of the audience at a relatively large 


iia.t 


Diagram of Goniophotometer. 


angle, it will be necessary to use a high are current in order to make 
the picture of satisfactory brightness for these observers. This will 
result in an unnecessarily high brightness on the axis of projection 
and may result in excessive visual fatigue owing to glare. It should 
be pointed out also in case the throw is somewhat short that a highly 


Fig. 2—Photograph of Goniophotometer. 


specular screen may appear of unequal brightness when viewed from 
a single point of observation, since the angle of incidence varies 
from point to point on the screen, and that for an observer relatively 
near to the screen the angle of observation is not constant for all 
parts of the picture. 
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The problem of measuring and specifying the characteristics of 
diffusing surfaces has been treated by Dr. Nutting’ and results on 
several characteristic surfaces are given. The data given, however, 
relate almest entirely to miscellaneous surfaces, only two commer- 
cial screens being included among the materials examined by him. 
Recently a paper by Charles W. Gamble* has appeared in which he 
deals with the subject in a more or less general way. Here again 
the data given relate largely to surfaces which are not extensively 
used in the motion picture theatre. His results are of a qualicative 
character and the highest efficiency obtained is that of a mirror 
ground on the front surface. 


Method and Apparatus 


The method adopted in this investigation is quite similar to that 
used by other investigators and consists in measuring the brightness 
of the surface under examination when viewed at various angles of 
observation, the illumination being incident normally upon the screen 
surface. The incident illumination in this case was approximately 
parallel light, such conditions being considered as more closely ap- 
proaching these existing in practice than the method used by Dr. 
Nutting in which case a completely diffused source subtending 1/10 
of a steradian at the surface was used. In order to expedite the 
experimental work which involved the examination of a large num- 
ber of samples, a special goniophotometer was constructed. A 
diagram showing the essential parts of this instrument is shown in 
Fig. 1. 

A heavy cast-iron base, 4, supports the arm B, at the end of 
which is carried the photometric apparatus. In order that the ob- 
server and the photometric equipment might not interfere with the 
illumination of the sample at angles approaching closely to the 
normal, the axis of observation was bent at right angles by use of 
the total reflecting prism C. A portable photometer of the illumin- 
ometer type was mounted at )), and the small lens E placed imme- 
diately in front of this photometer permitted the formation of an 
image of the surface under examination in the plane of the photom- 
eter cube. In case the texture of the surface was such as to inter- 
fere with precise photometric settings, this lens could be displaced 
by amounts sufficient to eliminate the disagreeable surface texture. 
A rigid bearing E supported by the base casting carries a movable 
arm G on one end of which is mounted the lamp house H, while at 
the other end a counterpoise weight / is placed. A holder is pro- 
vided for the sample at /, this is so mounted that it holds the surface 
of the samples being examined in the plane passing through the axis 
of rotation of the arm G. The circular scale plate K is mounted in 
a fixed position relative to base A. A pointer attached to the sample 


‘Nutting, P. G., Trans. Ill. Eng. Soc., Vol. Il: 1916, p. 92. 
*Gamble, Charles, W. B., B. J., Vol. LXVIT, 1920, p. 553. 
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Fig. 8. 


Distribution Curves of Commercial Projection Screens. 


Fig. 7. 


holder indicates the angle on the divided circle. By means of a pin 
M, the sample holder can be connected rigidly with the moving arm 
G, so that the plane of the sample will remain perpendicular to the 
incident illumination for all positions, and as the arm G is rotated 
the angle of observation alone varies. This provides for the measure- 
ment of the surface brightness at various angles of observation and 
fixed direction of illumination. By removing the pin M and clamp- 
ing the sample holder to the base, 4, the arm G moves independently 
of the sample, and observations of brightness at a fixed angle of 
observation, but with a variable angle of incidence can be made. 
In the front of the lamp house is mounted a lens O of such 
focal length that the source S falls at its focus. Under such 
conditions the light incident on the sample is approximately parallel. 
The dimensions of importance are as indicated in the figure. It is 
also so arranged that the lens O can be removed and in its place 
substituted a disk of diffusing material such as ground pot opal glass. 

The dimensions are so adjusted that the effective area of this 
diffusing material is just sufficient to subtend an angle of 0.1 stera- 
dians at the surface of the sample under examination. A 500-watt 
Mazda C lamp of the concentrated filament type was used as a source 
for illuminating the samples. A photograph of the apparatus is 
shown in Fig. 2. The voltage was precisely controlled in order to 
eliminate variations in brightness due to fluctuations in the line 
voltage. Brightness measurements were made at angles of observa- 
tion from 0 to 70°. Three complete sets of readings were made by 
two observers on each screen, and the final result obtained by taking 
the average of all readings. In practically all cases excellent agree- 
ment between the individual sets of data was obtained. 

The results are expressed in terms of the reflecting power of 
magnesium carbonate with normal illumination and observation as 
100%. The absolute value of the reflecting power of magnesium 
carbonate is at the present time subject to some question and in 
view of that fact it was not deemed advisable to attempt to reduce 
the measurements of screen reflecting powers to absolute terms. 
The values given are therefore relative to that of magnesium car- 
bonate. When a satisfactory value for this material is determined 
that data can then be reduced to absolute terms, if such seems 
Ccesirable. 


Materials Examined 


Orders for samples of the commercial projection screens were 
placed with practically every maker whose advertisement could be 
located in the trade journals. Response was not obtained from all 
makers, but a fairly representative group of samples was received. 
The standard samples were prepared by mounting a piece of the 
projection screen 8 inches square on a thin metal plate, thus insuring 
flatness of the sample under examination. In addition to the com- 
mercial screens mentioned, several miscellaneous surfaces of interest 
were examined, 
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Fig. 10. 


Distribution Curves of Commercial Projection Screens. 


Fig. 9. 


TABLE 1 


No. Class Name Texture Color 

1 Cc Magnesium Carbonate Smooth | White 

2 Cc Opal Glass Smooth White 

3 c White Blotting Paper Smooth White 

4 Cc Photo Stock Plain Smooth White 

5 Cc Photo Stock Coated Smooth White 

6 c White Drawing Paper Smooth White 

7 B Sandblasted Aluminum Smooth Metallic White 

8 A Sandblasted Mirror Smooth yhite 

9 A Focus Screen and Mirror Smooth White 
10 A Superlite Coarse Grain Metallic White 
11 A Special Coarse Grain Metallic White 
12 B Green Back Fine Grain Metallic White 
13 B White Back Fine Grain Metallic White 
14 Cc Plain White Coated Smooth Yellow 

15 A Imsco Silver No. 1 Coarse Grain | Metallie White 
16 A Imsco Gold No. 1 Coarse Grain | Metallic Yellow 
17 A Imsco No. 2 Coarse Grain | Metallic White 
18 A Imsco No. 3 Medium Grain Metallic White 
19 B Imsco No. 4 Fine Grain Metallic White 
20 Cc Imsco White Muslin Smooth White 
21 A Minusa A Medium Grain Metallic White 
22 A Minusa B Coarse Grain Metallic White 
23 A Minusa C Coarse Grain | Metallic White 
24 A Mazda-Lite Fine Grain | Metallic White 
25 B Idealite-Grade 1A Fine Grain | Metallic White 
26 B Idealite-Grade 1B Medium Grain | Metallic White 
27 B Idealite-Grade 2 Fine Grain Metallic White 
28 Cc Dalite Crystal White Smooth Blue Green 
29 B Dalite Gold Fibre Fine Grain Metallic Yellow 
30 A Dalite Silver Fine Grain Metallic White 
31 A Argus Crystal Bead No. 1 Medium Glass Beads | Yellow 
32 B Argus Crystal Bead No. 2 Fine Glass Beads Yellow 
33 B Mirroroid Fine Grain | Metallic White 
34 A Gold Ring Smooth | Metallic Yellow 
35 Cc Half-tone Smooth | yhite 
36 A Aluminium Paper Smooth Metallic White 


In Table I is given a complete list of the materials measured. 

The surface of the magnesium carbonate sample (1) was pre- 
pared by carefully scraping a block of the material with a steel 
straight-edge. The opal glass (2) was of the best quality obtainable 
for uniformity and whiteness, and the surface was carefully ground. 
The white blotting paper (3) was of the ordinary commercial quality 
used extensively in photographic work. The photographic stock (4) 
was a sample of uncalendered and uncoated material. No. 5 was of 
the same material but treated with the ordinary baryta coating. The 
drawing paper (6) was the commercial grade of Wattman’s hot 
pressed. Sample No. 7 was prepared by sandblasting a sheet of 
aluminum. No. 8 was made by sandblasting the front surface of an 
ordinary plate glass mirror. No. 9 consists of a screen made by 
superposing a sample of the material such as is commonly used as 
the focusing screen in photographic apparatus upon the surface of 
an ordinary plate glass mirror. 

The commercial screens examined are also listed in Table 1, be- 
ginning with sample No. 10. In the name column is given the trade 
name applied by the manufacturer to the screen. In the “texture” 
column is a qualitative statement of the character of the surface, 
while in the “color” column is a qualitative statement of the color. 
The terms used in specifying texture and color are very general in 
nature, no precise quantitative measurements being made of these 
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characteristics. An examination of the characteristics of these 
screens shows that they can be roughly grouped into three general 
classes which may be specified as follows: Included in Class C are 
those screens which give almost complete diffusion of the incident 
light. Class A includes those which reflect a large proportion of 
the incident light within a very narrow angle, and very little light 
at the greater angles. Class B includes the screens which are inter- 
mediate between the extremes represented by Classes A and B. It 
shculd be understood that the line of demarkation between these 
three classes is not distinct but that such classification is entirely 
arbitrary and made only for the purpose of practical convenience. 


TABLE 2 
MISCELLANEOUS SURFACES 


ANGLE 

No. 10 

0 5 10 15 20 39 40 50 6) 70 
1 100 100 99.9 98.0 96.9 94.9 | 92.4 89.5 84.8 78.8 
2 77.1 77.1 76.0 76.0 | 74.8 73.7 73.7 72.6 70.5 68.2 
3 68.9 67.9 65.9 64.0 63.0 60.8 59.7 57.2 54.8 54.2 
4 73.9 73.9 71.2 70.0 67.0 65.0 63.5 62.2 61.1 58.4 
5 91.1 | 88.0 S4.9 82.5 80.5 79.3 78.7 78.7 76.9 | 74.3 
6 8.7 i 8.7 81.5 77.8 74.4 72.0 69.5 63.3 67.6 65.4 
7 66.3 64.1 61.4 57.6 52.4 46.5 40.1 36.0 35.3 32.6 
8 473 399 207 224 121 62.0 40.2 34.2 32.0 31.1 
9 460 | 430 373 257 176 73.23 31.9 20.5 19.0 19.4 


The names specular, semi-diffuse, and diffuse may conveniently be 
applied in the classes A, B, and C, respectively. The indication of 
the class to which each screen belongs is given by the letter in the 
“Class” column of Table 1. 


Results 


In Table 2 are given the reflecting powers at the various angles 
cf the miscellaneous surfaces examined, while in Table 3 are the 
detailed data relative to the reflection characteristics of the twenty- 
seven commercial screens examined. In order to present these data 
in more graphic form they are plotted as curves in the following 
figures, the ordinates in all cases being values of relative reflecting 
powers and the abscissae the angles of observation to which the 
varicus reflecting powers apply. 

The sample to which the curve applies is in all cases indicated 
by attaching the sample number. In Figure 3 are given the curves 
fer the mirror with the sandblasted surface, and with superposed 
focusing screen. It will be noted that the values at normal observa- 
ticn are extremely high, but that the values diminish very rapidly 
as the angle of observation increases. Curves for samples Nos. 1, 
2, and 5 are also given in this figure. 

In Figure 4 are given the curves for some of the almost com- 
pletely diffusing miscellaneous samples. 
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In Figure 5 are the curves relating to the screens manufactured 
by C. 5. Wertsner and Son. It will be noted that among these are 
found examples of all three classes. 

In Figure 6 are the curves relative to the screens manufactured 
by the Independent Movie Supply Co. and here again we find ex- 
amples of all three classes. 

In Figure 7 are given the curves relative to the Minusa Cine 
Screens and to one of aluminum coated paper manufactured by 
W. G. Preddy, this latter is of the semi-diffusing type. 

In Figure 8 are the curves for the Idealite screens manufactured 
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Fig. 11. Distribution Curves of Commercial Projection Screens. 


by the Ludeke Screen Company. All of these fall in the semi- 
diffusing class. 

In Figure 9 are the curves for the screens manufactured by the 
De Berri Screen Company, two of which are of the semi-diffusing 
type, while one is of the diffusing type. 

In Figure 10 are the curves of the Argus Crystal Bead Screens, 
one of which is of the specular type and one of the semi-diffuse type. 
These screens are made by covering a surface of fabric with small 
glass beads. The reflection curves are peculiar in that the reflecting 
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power at 5° is but very little less than that at 0, giving a distribution 
curve much flatter near the normal than is usual with screens of 
that type. 

In Figure 11 are the curves for samples Nos. 33, manufactured 
by H. C, Genter & Company ; 34, by the Gold King Screen Company ; 
and 35, manufactured by A. L. Raven. In this figure one screen of 
each class is represented. 


Analysis of Results 


In order to facilitate the examination of the data, it will be 
well to separate them into their respective classes. After careful 
consideration of the characteristics of the screens and of the require- 
ments of practical use, it was decided to define the range covered by 
these classes as follows: 

Class A includes those screens which are adapted for use in 
theatres where the maximum angle of observation does not exceed 
30°; Class B includes the screens adapted for use where the max- 
imum angle of observation does not exceed 50°, while the Class C 
screens should be used in all cases where the angle of observation is 
greater than 50°. The point should be again emphasized that these 
classifications are not rigid, but of an approximate character. 

After careful consideration of the subject, it was decided that 
the value of the ratio of the reflecting power measured at normal 
observation to that measured at the maximum angle of observation 


TABLE 3 
COMMERCIAL SCREENS 
10 268 256 215 168 120 64.8 | 34.3 21.8 16.8 14.2 
11 300 284 255 206 167 | 93.9 | 52.2 26.5 17.0 13.3 
12 | 208 203 188 161 134 |} 85.0 | 53.3 33.0 22.4 18.3 
13 | 17 174 165 143 122 85.9 53.0 33.0 23.8 17.7 
14 | 2.9 72.2 70.8 70.5 69.4 68.9 68.1 68.8 67.0 64.0 
15 | 286 273 229 173 129 66.0 33.0 21.4 15.2 13.7 
16 | 311 288 234 180 125 66.0 35.0 21.7 15.6 14.0 
17 | 230 220 200 171 141 83.1 47.4 29.6 20.3 16.0 
18 208 197 177 152 127 80.6 47.9 34.3 24.3 19.9 
19 186 183 169 146 120 79.8 47.9 31.3 22.2 17.6 
20 66.4 66.3 65.2 63.6 62.4 61.0 60.4 60.0 59.3 58.9 
21 326 308 270 204 157 76.0 38.6 25.7 15.0 12.6 
22 355 339 274 207 149 qi.2 35.8 21.7 15.0 12.8 
23 315 298 256 203 151 77.9 38.9 23.0 16.1 13.0 
24 334 323 276 215 160 82.9 40.0 24.5 16.6 13.8 
25 154 151 136 112 97.0 75.1 56.0 52.9 47.0 43.0 
26 193 187 154 124 98.5 72.2 58.4 50.2 45.2 40.9 
27 142 137 122 103 93.6 76.4 63.7 55.6 50.8 46.8 
28 8 | ¥8.7 70.8 69.9 69.2 68.6 67.1 66.0 65.3 64.8 
29 126 | 120 116 104 90.7 68.8 47.1 34.3 26.5 21.9 
30 183 172 157 134 107 65.0 42.1 28.8 20.9 16.8 
31 244 240 177 116 75.6 45.5 40.0 39.6 41.7 43.7 
32 140 138 113 91.4 78 60.9 54.8 50.8 50.4 50.0 
33 142 138 129 109 99.0 73.4 49.5 35.7 27.4 22.5 
34 292 271 | 216 160 108 49.2 28.4 17.4 13.1 9.7 
35 78.6 78.6 74.9 73.3 a8.4 68.6 65.3 63.9 62.3 59.5 
36 148 136 111 93.6 74.1 50.2 34.1 26.5 22.6 19.5 
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in a particular installation would serve as the most logical criterion 
by which to select the most suitable screen for that particular case. 

This value will then represent the ratio of the brightness of the 
screen as observed by a person in the center of the auditorium to 
that of the brightness as observed by a person occupying a seat at the 
side and near the front. Be keeping this ratio below a certain limit- 
ing value, satisfactory brightness will be obtained for all observers. 
This factor alone, however, is not sufficient for the classifying of 
screens according to their relative merits. The highest average re- 
flecting power within the required angle from the normal will neces- 
sitate the least energy expenditure in the projecting system to pro- 
duce a given screen brightness. 


Assuming cases in which the maximum angles of observation 
are 20°, 30°, 40°, and 50° the values of the ratio of the reflecting 
power at normal observation to that at these various angles were 
computed for all screens and likewise values of mean reflecting 


TABLE 4 
CLASS A 
20° 30° 40° 50° 
No. Ro Ra Ro Ra Ro Ra Ro Ra 
Reo Roo Reo Reo 

8 3.91 305 7.62 235 11.8 194 13.8 165 

9 2.61 339 6.30 270 14.4 217 22.4 183 
34 2.70 209 5.94 167 10.3 137 16.8 116 
31 3.22 159 5.48 127 6.10 108 6.17 96 
22 2.38 265 4.96 216 9.92 167 16.3 151 
15 2.21 218 4.34 178 8.70 147 13.4 134 
21 2.06 253 4.30 207 8.47 172 13.2 145 
10 2.23 205 4.14 169 7.82 140 12.3 119 
24 2.08 253 4.02 209 8.35 174 13.6 147 
23 2.08 245 4.00 201 8.10 167 13.7 141 
11 1.80 242 3.20 204 5.75 172 11.3 147 
16 1.69 228 3.20 184 6.03 152 9.75 130 
36 2.00 112 2.96 4. 83.3 5.59 73.2 
30 1.70 151 2.82 128 4.35 110 6.36 87 
17 1.63 192 2.77 165 4.85 141 7.77 121 
18 1.64 172 2.58 150 4.25 128 6.07 112 


power for the same limiting angles. These values are tabulated for 
the Class A screens in Table 4, those for the Class B screens in Table 
5, and those for the Class C screens in Table 6. 

Now it seems reasonable to demand that the ratio of the bright- 
ness on the axis to that at the extreme angle of observation shall not 
be greater than 4.0. This value is decided upon after consideration 
not only of the variation in brightness as observed from various 
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TABLE 5 
CLASS B 


| 20° | 30° | 40° 50° 
| | 
No. | 

Ro Ro 

—— Ra 

| 

Reo | } Rw 
12 | 1.55 179 2.45 
19 | 1.55 161 | 2.34 
13 1.45 156 2.06 
43 1.43 | 3128 1.93 
26 1.96 151 | 2.67 
29 1.39 111 | eas 
25 | 1.59 | 
32 1.78 112 | 2.30 
27 1.52 | 120 1.86 
7 | 1.26 | 60.3 1.42 


points in the auditorium, but also from a consideration of the fact 
that from a given point of observation the screen may appear of 
unequal brightness over its area. The danger of this inequality being 
serious increases rapidly as the value of the above mentioned ratio 
in reflecting powers increases. A detailed consideration of the 
geometry of this problem might make this point more clear, but it is 
not desired to lengthen this paper to such an extent as to include 
a complete treatment of the subject. Assuming now that we adopt 
the value of 4 as the limiting value of the reflecting power ratio, it 
is possible from the figures in Tables 4+ to 6 inclusive to choose the 
best screen for any one of the cases considered. For instance, 
assuming that the maximum angle of observation is 20°, it will be 
noted that all values in the ratio column are less than 4. Therefore 
from the standpoint of distribution any one of the screens in Class A 
will be satisfactory for use where the angle of observation does not 
exceed 20°. In order now to obtain the maximum average bright- 
ness within this angle for a minimum current consumption it is only 
necessary to choose that screen, or screens, which shows the highest 


TABLE 6 
CLASS C 


4 
20° | 30° | 40° 50° 
No. Ro | Rms | Ro | Rms | Ro Risso Ro | Rms 
| Rw» | Re Rw | Rs 
6 1.10 | 798 1.15 77.7 1.19 76.1 1.30 | 
35 75.3 1.14 73.5 1.20 71.7 1.23 | 
3 1.09 65.8 1.13 64.6 | 1.15 | 68.5 1.20 | 
4 1.10 | 71.2 1.13 69.6 | 1.16 68.3 1.19 
5 1.13 85.4 - a 83.5 | 1.15 | 82.7 1.15 
i 1.03 99.) 1.05 | 97.9 1.08 | 96.8 22 | 
14 1.05 | 71.0 1.06 | 1.07 70.0 1.07 | 
20 1.06 | 64.0 1.09 | 64.0 | 1.10 | 52.0 1.10 
28 1.02 | 71.0 1.08 70.0 1.04 70.0 1.07 
2 1.03 | a8 1.05 | 76.2 1.05 | 75.6 1.06 


Ra 
117 
109 
106 
88 
104 
79 
94 
82 
91 
50.4 
72 


value in the column marked Ra. Now assuming a maximum angle 
of 30° we find that the first seven screens are excluded since the ratio 
of normal to extreme reflecting power is greater than 4. Beginning 
with No. 11 we may then choose the screens showing the highest 
average reflecting power for the range 0 to 30°. When the max- 
imum angle of 40° is considered we find no screen in Class A which 
does not exceed the limiting value of 4 for reflecting power ratio. 
We therefore turn to Table 5, and there find that all values of the 
reflecting power ratio are less than 4. We may therefore select from 
Class B that screen which has the highest reflecting power for the 
0-40° range. In case of the 50° limiting angle, three of the Class B 
screens are automatically excluded, and it is only necessary to select 
from the remainder the one having the highest average reflecting 
power for the 0-50° angle. 

It should be emphasized that this method of selecting a projec- 
tion screen recognizes only the reflection characteristics of the screen 
and further that these are considered only from the standpoint of 
intensity. In many cases it will be found that several screens are 
practically of equal value when judged by this criterion. In such 
cases other considerations such as color, surface texture, durability, 
and other physical properties may be the deciding factors in the 
final choice. Many of the screens examined show excellent char- 
acteristics and while the screen makers are to be congratulated on 
many of these screens it is to be hoped that this critical examination 
of screen characteristics may stimulate them to greater efforts and 
to the production of even better and more efficient surfaces for this 
purpose. 
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Absorption and Reflection Losses in Motion Picture 
Objectives 
HERMANN KELLNER 

ag of light in projection lenses may occur for two reasons: 

First, Geometrical arrangement of power, distances, etc., sizes 
of lenses ; 

Second, Physical reasons, material the lenses are made of, con- 
ditions of glass surfaces, etc. 

It is with the physical conditions that we are concerned with 


N 


N 


INTENSITY oF REFLECTED LIGHT 
INTENSITY oF TRANSMITTED LIGHT 
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RACTIVE INDQICIES 
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now. When light strikes a border surface between two optically 
different media, for instance, water and air, a part of this light enters 
the water and illuminates the bottom of the containing vessel, while 
another part is reflected back into the air. So is part of the sunlight 
which strikes a window passed into the room while another part is 
reflected upon the street. The ratio of the reflected to the trans- 
mitted light depends upon the refractive indices of the media as well 
as upon the finish of the surface. 
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The greater the difference in refractive index, the more light is 
reflected and the less light is transmitted. If we have two horizontal 
surfaces, side by side, one formed by water, the other one of glass, 
and observe the amount of sunlight reflected, we will find the glass 
surface to be a more efficient reflector than the water surface and 
at the same time the illumination inside the water greater than inside 
the glass. 

The amount of reflected light changes also with the angle of 


MITTED \Loss Qt 


Bra 
1.51 
Fig. 2 


shows the curves for the loss of light in a double 
convex lens of refractive index 1.51, at and between 
the surfaces. 


incidence. The more nearly perpendicular the light source stands 
over a surface, the less light is reflected. If we now consider that 
the more light there is reflected at the surface, the less of it passes 
through the surface, it is evident that the conditions for passing the 
greatest amount of light become most favorable, when the refractive 
index is as low and the angle of incidence as small as possible. We 
may remember that the angle of incidence is the angle between the 
direction of the ray of light and the perpendicular at the point of 
incidence, and that therefore the angle of incidence is the smaller, 
the nearer the ray of light is perpendicular at the point of incidence. 

The action of a lens depends on the refractive index of the 
material it is made of. To get any lens action at all, the refractive 
index has to be greater than that of air, which is 1.00. Therefore 
we shall always have a certain loss of light when light passes through 
a lens surface. The amount of this loss is determined by means 
of a formula which was derived by Fresnel, the famous French 
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mathematician and optician. 


He found for perpendicular incidence 
the following equation: 


= 
I 


where in I is the amount of light falling upon the surface, 


I' the amount of light transmitted by the surface, and 
n the refractive index of the medium. 


The difference I—I' is the loss of light at the refracting 
surface. 


The curve in Fig. I shows for refractive indices varying from 
1.0 to 1.8 the intensities of the reflected and transmitted light. 


TT 


— —f-Somm4 
161 


Fig. 3 
shows the curves for the loss of light in a double 


convex lens of refractive index 1.61, at and between 
the surfaces. 


The variation of the less of light with the angle of incidence 
may be seen in the following table. It is assumed that the light in 
unpolarized, an assumption which satisfactorily represents prac- 
tical conditions. 


Angle of incidence 


Crown 151 


Flint 1.61 


0° Loss 4.13% Loss 5.46% 
30° “4.28% “5.04% 
60° * 9.08% * 10.09% 
70° 17.29% * 18.97% 
80° * 38.92% 40.30% 
90° *  100.00% *  100.00% 


The refractive indices of the glasses as used in projection lenses 


vary from about 1.51 to 1.61. 
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The loss of light per surface for perpendicular incidence if for 
Refractive index 1.51 amounts to 4.13% 
Refractive index 1.61 amounts to 5.46% 
The angle under which light rays strike the surfaces of a projection 
lens varies from 0° to about 30° and fortunately for the simplicity 
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Fig. 4 
shows the curve for the loss of light in a cemented 
doublet consisting of a lens with refractive index 1.51 
and another lens with a refractive index 1.61, at and 
b.tween the surfaces. 
of this discussion the variation of the loss within these angles is 
negligible as may be seen in the table. We may therefore say that 
the loss of light per surface on a 
Crown Glass lens........ 4.2% and ona 
Piet Glass lems.......... 5.5% 

The refractive index of Canada Balsam is approximately equal 
to that of Crown glass and therefore if lenses of 1.51 and a Flint 
lens of 1.61, are cemented together, the loss by reflection at a 
cemented surface is very much smaller, than at surfaces bordering 
on air. Since the refractive index of Canada Balsam is practically 
the same as that of Crown glass no loss is incurred at the transition 
from the Crown glass into the layer of Balsam, while between the 
alsam and the Flint glass the difference amounts to only 0.1 which 
means an almost negligible loss. 

For a number of glass surfaces in air of about the same loss by 
reflection the total loss may be arrived at by using the compound 
interest formula. If the loss, p, for one surface is represented as a 
fraction of the initial intensity, the loss for k surfaces will be 
1— (1 — p)*. 

The loss by Absorption depends on the nature of the glass and 
on the thickness of the lenses. Good Crown glass will not absorb 
more than 0.5 to 1% per centimeter thickness, while Flint glass of 
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1.61 refractive index, will run a little higher, from 1% to 1.5% 
per centimeter. 

The lighter varieties of Flint glass, of indices between 1.54 and 
1.61 have absorptions between these limits, while the absorption of 
bad glasses runs as high as 3 and 4% per centimeter. 

If we take a Crown glass lens of an average of 5 mm., the losses 
by reflection and absorption total up as follows: 

100% 95.8% 95.3% 91.3% 
or about 9% per lens. 
With a Flint lens of 1.61 we obtain the following data: 
100% 94.5% 94.0% 88.8% 
or about 11% per lens. 

For a cemented lens consisting of cemented crown and flint 

elements we find 
100% 95.8% 95.3% 95.2% 94.2% 82.2% 
or again, a total of about 11%. 

Figures 2, 3 and 4 represent these conditions graphically. 

In this way it is very easy to form an opinion on the losses by 
reflection and absorption in any combination. In general it is safe 
for an estimate to assume the loss per single lens or per combination 
of cemented lenses, as they occur in projection lenses, to about 10%. 

If the workmanship and material are approximately the same, 
and no difference exists in the geometrical arrangement, diaphragm- 
ing, etc., of the lenses, the amount of light passed through is very 
nearly the same in all lenses that have the same number of reflecting 
surfaces. 

A very important factor for the performance of a lens is the 
condition of the surfaces. Scummy and dust-covered lenses give 
gray pictures with no contrast, just in the same way as photo lenses 
will not take snappy pictures if dispersed light from finger-marks 
on the lens is allowed to reach the plates. It is therefore of the 
utmost importance that in comparative tests the lenses should be 
clean. 

I may mention here shortly that there exists a condition of lens 
surfaces which is helpful in the way of reducing the amount of 
reflected light and increasing the amount of transmitted light. Such 
surfaces have an iridescent appearance which is caused by chemical 
action. It had been discovered accidentally in process studios that 
such lenses allowed shorter exposures and upon investigation, it was 
found that actually the amount of transmitted light had been in- 
creased. Unfortunately such action takes place for the most part 
on glasses which have comparatively great absorption co-efficients 
and are not generally used for projection lenses, and therefore, any 
thoughts of helping the matter by these means will probably -have to 
be dismissed. The amount of loss by such treatment can be reduced 
by as much as 50%. 

In conclusion I may say that all the statements made above are 
borne out by practical tests not only in comparatively simple com- 
binations like projection lenses, but also in the most complicated 
apparatus like range finders, submarine periscopes, etc. 
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The High Power Are in Motion Pictures 


By Preston R. BAsseTT 


NE of the greatest developments in Military illumination during 

the war was the High Intensity Arc. In order to compete with 
the new methods of warfare both our Army and Navy found it 
necessary to demand searchlights of an intensity which had been con- 
sidered unattainable. The ordinary carbon arc, such as had been 
used in searchlights for many years, could not be forced by any 
means to meet this urgent demand for more powerful searchlights. 
It was only the development of a new source of light which could 
fill this need. As was the case in many engineering branches of the 
service, necessity was the mother of invention, and so a new source 
of light was perfected and introduced into the searchlight field 
during those remarkable years of the war when a new development 
would be in common use by the Army or Navy before the public 
had even heard of its invention. 

This new light source, which is known as the High Intensity 
Arc, made an advance in searchlights which was actually revolu- 
tionary since it increased the efficiency of searchlights by 500% at 
one step. By the end of the war, both our Army and Navy and 
many of our Allies were equipped with searchlights of this high 
power type, and the old carbon are searchlights which were the 
best available only a few years ago, are now fast becoming obsolete. 

High power arcs may be classified broadly as electric arcs, 
having positive craters with intrinsic brilliancies greater than can be 
obtained with pure carbon positive craters. Before explaining in 
detail the method of operation of a high power arc, it is necessary 
for us to appreciate the limitations of the pure carbon arc. Prac- 
tically all of the light from a pure carbon arc emanates from the 
incandescent positive crater. Incandescence is a function of tem- 
perature and, therefore, in order to obtain a light source of maximum 
brightness, a substance must be used which can be maintained at the 
highest possible temperature. As is well known, carbon has the 
highest melting point of all substances, and for this reason it has 
been used in all cases where light sources of greatest brilliancy have 
been desired. In an electric arc between pure carbon electrodes, 
the surface of the tip of the positive electrode is maintained at a 
temperature of over 3,700 degrees Centigrade. The carbon surface, 
when heated to this point, gives forth about 160 candle-power for 
every square millimeter of its surface. This brilliancy we may call 
the maximum obtainable from any solid by temperature radiation. 
When such a carbon arc is forced by, let us say, doubling the current, 
the brilliancy of the crater is not increased proportionately as might 
be expected. Instead the carbon is consumed at a faster rate without 
any material increase in the temperature of the crater. It is, there- 
fore, perfectly useless to force a carbon arc beyond a certain point 
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where the crater is practically at the volatilizing point of carbon and 
has, therefore, reached its maximum theoretical efficiency. 

In searchlight work, the only practical way of increasing effi- 
ciency was to increase the intrinsic brilliancy of the source of light. 
Since this was impossible by using solids, an investigation was made 
of vapors and gases. There is no known limitation to the tempera- 
ture to which vapors may be heated, but on the other hand, vapors 
and gases do not obey any known laws of radiation such as apply 
to incandescent solids. In general gases and vapors are very poor 
brightness producers when compared with incandescent solids. For 


TEMPERATURE AND INTRINSIC BRILLIANCE 


(AR, 7s. 


3 


1000" 2006 +3000" 4000" $000" 000° 

TEMPERATURE ~ DEGREES CENTIGRADE. 
Fig. 1 — Curve showing the 
comparative brilliancy of com- 
mon illuminants. 


instance, the age flame in a pure carbon are consists of vapor at a 
temperature greater even than the temperature of the positive 
crater and yet, it gives a brilliancy of only about one candle power 
per square millimeter, as compared to the 160 c.p. per sq. mm. 
given by the incandescent crater. Luminescent or light-giving vapors 
have long been used as light sources of exceptional efficiency, but 
trey had never even been considered as competitors with incan- 
descent solids when intrinsic brilliancy was required. The mercury 
vapor arc, the yellow and white flame arcs and the magnetic arc are 
all among the most efficient of light sources, but their intrinsic bril- 
liancies are very low, all of them being less than 5 c.p. per sq. mm. 
In the high power arc, vapor has been made use of for the first time 
as a light producer of excessive brilliancy. The special vapor- 
producing materials are placed entirely in the core of the positive 
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carbon. This carbon is so constructed that when burned at the 
proper current, it forms a deep crater. It is usually rotated to keep 
this crater uniform. The special flame material enters the are en- 
tirely from the bottom of this deep crater where the impregnated core 
is exposed to the are. The negative carbon is so arranged that the 
negative flame sweeps across the positive crater in such a manner 
that the light-giving vapor from the positive core is confined and 
compressed in the crater. By properly confining this vapor in the 
crater by means of the negative flame, the brilliancy of the vapor 
is very greatly increased, and instead of obtaining brilliancies in the 
neighborhood of 5 ¢.p. per sq. mm., we obtain brilliancies ranging 


Fig. 2—The 150-Ampere High- 
Intensity Arc. This photograph 
shows clearly the excessive 
brilliancy of the vapor bulging 
out in front of the positive 
crater, and also the action of 
the forcible negative arc flame 
in pressing it back and confin- 
ing it practically to the crater. 


from 500 to 900 c.p. per sq. mm. These are figures which were 
hitherto unknown on earth. The sun at high noon is the only other 
source which man has seen that can approach such a brilliancy. 
The noon day sun has an intrinsic brilliancy of about 920 c.p. per 
sq.mm. Figure 1 shows graphically how this new type of are com- 
pares in brilliancy with all of the brightest illuminants known. It is 
evident that by utilizing concentrated and compressed vapor of spe- 
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cial materials at temperature of the electric arc, a new form of illu- 
minant has been introduced with many new and very interesting 
characteristics. It was the remarkably high intrinsic brilliancy of 
this new are which gave it its value in searchlight work, but in the 
application of this arc to other uses other equally important prop- 
erties of this light have been controlled and accentuated so that the 
light is also proving revolutionary in other fields. 

The motion picture industry is without doubt the greatest light- 
using industry in the country and the demand of this industry for 


SPERRY GYROSCOPE GQ, 
-OKLYM, 


Fig. 3—Photograph taken 2% miles from a High-Inten- 
sity Arc in the Sperry 60” Searchlight. An idea of the 
power and actinic value of the light may be obtained by 
comparing the dark lower right-hand portion of the 
arch which is illuminated by the street-lighting unit only 
fifteen feet from it. 


more light has been continuous and insistent with the advance of 
the art. There are two main departments of lighting in the motion 
picture industry; the producers’ lighting, which consists in lighting 
the studios for photographing the pictures; and the exhibitors’ 
lighting, which consists of the light for projecting the pictures on 
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the screen. These two fields are very different and-each has required 
a special development and adaptation of the high power arc. 

The are was most readily adapted to studio lighting. In this 
field the high intensity arc, better known as the Sunlight Arc, met 
with the immediate favor of producers and camera men, who found 
that its unique qualities opened up entirely new fields of photo- 
graphy. The use of a single lighting unit having an intensity of over 
100,000 ¢.p. made it possible to invade with the motion picture 
camera places which were hitherto inaccessible. The largest ball 
rooms and theatre interiors in the country have been illuminated 
sufficiently to take excellent motion pictures with from two to four 
of these powerful units. This one use in itself is a tremendous 
saving in expense to the producer who is enabled for the first time 
to go out of the studio to any desired interior location with the same 
freedom that he has been used to in going out on exterior locations. 
This single use has made the light indispensable to producers. 

In the studio sunlight arcs are of great value in illuminating 
the large sets. When placed at a height of about 20 feet above a set, 
the amount of actinic light on the set is sufficient to give good 


Fig. 4—The skyline of New York taken with one High-Intensity Arc, 150 
Amperes. Both searchlight and camera were two miles from the buildings. 
The picture was obtained by keeping the camera open while the searchlight 
beam was moved over each building. The lights in the foreground are on 
Brooklyn Bridge. 


photographic results more than 60 feet from the unit without the 
use of lenses or mirrors. The open are used in this manner as a 
flood-light has been found valuable in high-lighting a large set and 
giving a predominant direction to the main lighting, thus avoiding 
the disagreeable cross shadows which are so noticeable when several 
smaller units are used in place of one large unit. 

Another use of the open flood light is the illumination of back- 
drops or scenery outside of windows or doors in interior sets. It is 
universal practice in taking artistic interiors to have windows, doors 
or arch-ways through which can be seen daylight or sunlight. To 
properly produce this effect, a great intensity of light outside of these 
openings is essential, since the interior is already illuminated to 2 
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high level and the exterior must be enough brighter than the interior 
to give the impression of looking out into daylight. Frequently, 
sunlight as well as daylight, is required to enter through the opening. 
It is then necessary to direct the open flood light so that it falls 
thrcugh the opening and makes a patch of light on the wall or floor. 
Excellent results are obtained with the direct are for these sunlight 
e.iects, and since the ssurce of light, which measures only 5” in 
diameter, is so small for its intensity that sharper shadows can be 
obtained with it than can be obtained with any other source in the 
studio. 

In exterior night work the open flood is invaluable to light any 
large scene. In street night scenes the lights are located at positions 
and heights which make the scene appear as though lighted by reg- 
ular street lamps. Two or three of the ares as open flood lights will 
illuminate a section of a street, large enough for several hundred 
actors to take part in such scenes as raids, riots, ete. 

Aside from the advantages of intensity and concentration of 
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Fig. 5—The High-Power Arc 
Unit with its accessories. This 
unit consists of one High- 
Intensity Arc consuming 150 


Amperes. 


the high intensity are in photographic work, several other properties 
of this are are worthy of mention. In the first place the confining 
of the bright vapor in the intensely hot crater makes the light very 
steady and free from flicker. Small disturbances do not affect the 
light or change its intensity in the manner that is so noticeable in the 
small flaming arcs where the light emenates from the are flame 
between the eletrodes instead of from a deep crater. Another reason 
for the extreme steadiness of the light is the fact that the high 
current used (150 Amperes) makes an are which has considerable 
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inherent stability due to what might be called its own inertia. The 
advantages of a steady light of high candle power are universally 
appreciated by Motion Picture photographers. 

Another feature which is partly responsible for the unusual 
efficiency of this unit is that nearly 80% of the total amount of light 
from the arc falls in the hemisphere toward which the positive carbon 
is facing. This useful distribution of the light is due to the fact that 
it is emitted from the crater, hence when the are is viewed from 
some point where the crater face is not visible the candle power is 
extremely low. The Sunlight Arc is the first illuminant for general 
studio lighting which has taken advantage of this restricted distribu- 
tion of light within the zone to be illuminated. Other sources of 
light all have a uniform light distribution in all directions, and hence 
must use some form of reflector in order to reflect the 50% of the 
light which falls away from the scene, back onto the scene. Such 


Fig. 6 (left)—A snapshot taken in an office 

with one High-Intensity Arc Unit with its 

diffusing door. Note that the light on the wall 

and on the papers on the desk ts actually 

brighter than the direct daylight through the 

windows. 

arrangements are not only inefficient, but are compromises since half 
of the light is direct and the other half is indirect and diffused. The 
high intensity are on the other hand is capable of producing either 
all direct or all diffused light as desired, depending on whether the 
crater is pointed directly toward the scene or toward some diffusing 
medium or reflector. 

We have spoken of the quantity of light from this arc, another 
and equally important aspect is the quality of the light. Photo- 
graphers agree that the ideal light for photography is sunlight and 
north sky-light. The ideal artificial illuminant for photography is 
that one which most nearly approaches daylight in quality. Daylight 
is not highly colored, it is usually referred to as pure white, but in 
comparison with most artificial lights it would be called slightly 
bluish in hue. The high intensity arc is very similar in quality of 
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light to bright daylight, that is, the combination of sunlight and 
skylight, it is clean bluish white in color. The arc, however, although 
nearly identical with daylight in the visible spectrum has the advan- 
tage over daylight in the ultra-violet or actinic portion of the 
spectrum. The light from the sun loses from 50 to 75 per cent of 


Fig. 7 (below)—Two snapshots showing the 
use of the direct rays from the are passing 
through two small holes in a metal screen giv- 
ing spot-light effects without lenses. One 
photograph (lower) shows full front lighting 
and the other back lighting. 


its actinic value in penetrating through the 100 miles of the earth’s 
atmosphere. The high intensity arc, however, loses none of its actinic 
value on the scene since it has no appreciable amount of atmosphere 
to penetrate. It has been found that for the same amount of illu- 
mination on a subject, the High Intensity Arc is more actinic than 
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daylight. The quality of the light has made it indispensable in the 
newer branches of motion picture photography. The uniform bril- 
liancy throughout the entire spectrum gives the ideal light for motion 
pictures in natural colors. The actinic value of the light has made 
it possible to take excellent interior photographs with the ultra speed 
camera, taking pictures at the rate of 160 per second. 

Figure 5 shows the High Intensity Are Studio unit with the 
accessories which make it possible to produce either hard or soft 
light of almost any intensity. Some of the uses of the open arc 
without the accessories have been already described. The following 
outline of uses with the accessories will give an idea of the flexi- 


Fig. 8—The High-Power Automatic Lamp mechanism and house. De- 
signed for 50 or 70 Amperes, direct current. 


bility which can be obtained with a unit having one very concentrated 
and intense source of light. 

When it is desired to limit the angle through which the open 
flood light spreads, the Iris shutter is used. By closing down the 
shutter the lighted area is decreased in size but the intensity remains 
the same. When the Iris Shutter is nearly closed the flood light 
then appears as a spot light since the light has a spread of only a 
few degrees. This is, in reality, a spot light without a lens. It can 
be used for special effects. This spot light also has an advantage 


87 


| 
| 
| 
ig 
Bes 


not obtainable in any lens spot light, that is, it can be spread from 
an angle of a few degrees up to an angle of over 150 degrees without 
decreasing the illumination. In lens spotlights the illumination de- 
creases as the square of the increase in angle of spread. 

Another arrangement of the Studio Outfit is with the diffusing 
front door. The purpose of this accessory is to make possible a 
softer light than that obtained by the direct arc. 

The open are casts very sharp edged shadows which are much 
desired when simulating sunlight or in special silhouette effects, but 
many uses demand softer shadows, especially in illuminating interior 
scenes. The diffusing door not only spreads the light very evenly 


Fig. 9—High-Power Automatic Projector Lamp, showing motor and 
automatic features. 


in all directions, but it acts as though the source of light were now 
two feet in diameter instead of 54” diameter as it is with the open 
arc. Shadows cast by this arrangement are, therefore, more blended 
and softer. 

The mest usual use of this arrangement is to intensify the 
diffused light from a certain direction on a medium or small sized 
scene. It is used to best effect with other units such as banks of 
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mercury vapor arcs. The banks supplying the general illumination 
from several directions and the diffused studio arrangement intensi- 
fying this from one direction causing a more artistic effect by 
accentuating lights and shadows. 

When the Iris Shutter is used with the diffusing door the effect 
is different than in the case of the open arc. Instead of changing 
the angle of spread, it changes the intensity of the light without 
affecting its distribution. Hence closing down the Iris with the 
diffusing door causes the light on the whole scene to fade away from 
full intensity to darkness. This arrangement gives the camera man 
a unit where he can adjust the strength of his light on the scene 
between wide limits and may cause the light to fade away or increase 
perfectly uniformly while taking pictures. 

The parabolic silvered glass mirror is furnished with the studio 
outfit for special effect work and long range work. With the arc 
facing the mirror a beam is produced which measures in the millions 
of candle power. It is entirely too powerful to be used at short 
ranges except for special work. One successful short range use of 
this beam is in the production of an actual visible beam such as a 
moonbeam or sunbeam entering a window and falling across a room. 
It is possible to actually register the path of the beam on the motion 
picture film due to the reflection of light by the dust particles in the 
room. 

The parabolic mirror is also used on large scenes when in addi- 
tion to the general illumination a spot light is needed on some special 
part of the scene, such as the dancers in a Cabaret scene or any 
theatrical effect in a large set. In exterior sets this beam has been 
used with great success in night effects such as lightning, search- 
light effects, etc. Good motion picture photography has been taken 
at night on exterior location with the lighting unit over one quarter 
of a mile from the camera and the scene. 

The extreme flexibility of the high intensity are unit with its 
accessories has given the directors and camera men a new tool. 
New applications and new effects are being produced regularly as 
the possibilities of this source of light with its reflectors and diffusers 
are becoming better understood by those who are using it. 

Adapting the high power light to motion picture projection has 
presented many difficulties and it has only recently been satisfactorily 
accomplished. It must be realized that up to the present time nothing 
but incandescent solids have ever been used for sources of light in 
motion picture projection whereas in the studio lighting vapor 
sources, for instance, mercury vapor are and flame arcs have been 
in general use since the first days of motion pictures. The high 
power arc for projection had to be so steady and free from flicker 
and all disturbances that it would give as constant and steady a light 
as the incandescent sources in general use. This has necessitated the 
development of new carbons and the design of a special mechanism 
for burning these carbons for projection purposes. Figure 8 shows 
this mechanism in its lamp house. The positive carbon is horizontal 
and lies in the optical axis of the condenser lenses. The negative 
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carbon is positioned at a steep angle to the positive carbon so as not 
to interfere with or cast any shadow on the optical system. Arcs 
with the carbons in these positions have been commonly referred to 
as “right angle arcs.” Right angle arcs have not met with favor 
in the past and have not been used in any of the large motion picture 
houses. The causes for the failure of the right angle arc have been 
numerous. All previous right angle arcs have had carbon electrodes 
and such ares have a strong tendency to hiss and to become un- 
controllable at currents greater than 40 amperes. Moreover, such 
arcs have been very sensitive to charges in position of the electrodes 
and means of controlling the carbon feed had never been developed 
to a point of accuracy necessary in a right angle are. Furthermore, 
if the positive carbon contains a soft core, as is general practice, this 
core in burning exposes a dark spot at the center of the positive 
crater, which in turn causes a lack of light on the center of the 
aperture plate and film. It is quite generally admitted that from 
the point of view of optical efficiency, the right angled arc is the best, 
since with this arrangement, the condenser lenses gather the max- 
imum possible light flux. In the Sperry Automatic Projector Lamp 
all of the above mentioned defects have been overcome by entirely 
novel means and the gain in optical efficiency has been even greater 
than expected. 

In this new automatic lamp a special cored carbon is used as 
the positive electrode. This carbon forms a deep crater which is 
kept filled with the luminescent vapor, several times the brightness 
of the surrounding shell, so, therefore, instead of having the center 
of the crater a comparatively dark spot, it is, on the other hand, 
the brightest part of the crater. In order to keep this form of arc 
burning in a perfectly steady manner, the positive crater has to be 
held within 1/32” of the same position at all times, and the electrode 
is slowly rotated in this position to keep the crater burning evenly. 
A novel method of controlling the position of the positive crater has 
been developed in connection with these arcs. It is an electrical 
method which takes advantage of the ionized condition of the arc 
flame and the air immediately surrounding it. A piece of copper 
insulated from both positive and negative is positioned with its end 
just at the point over the positive electrode where it is desired to hold 
the crater. This copper third electrode is connected through a small 
magnet to one side of the main circuit. When the are is burning, 
the arc flame sweeps up past the end of this third electrode. As 
the crater burns back to this electrode, the arc flame approaches 
nearer and nearer to the third electrode until the electrode is in a 
region of ionized air sufficient to carry enough current from the arc 
through the third electrode and the magnet to cause the operation 
of the magnet armature which in turn feeds the positive carbon. As 
the positive carbon is fed forward, the arc flame is also carried away 
from the third electrode and the current through the third electrode 
immediately ceases to flow. This form of control has been developed 
to a point of complete reliability and an accuracy of crater position 
better than 1/32 on an inch. The advantage of this in the projector 
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lamp is very evident since the crater is held positively in all three 
directions ; up and down and laterally, it is fixed by the electrode 
holder which is in line with the optical axis. In the direction of 
the optical axis it is held accurately at one point (the desired focal 
point) by means of the third electrode. The negative carbon is fed 
by means of a coil in series with the arc. This series coil feeds the 
negative carbon either forward or backward by means of pawls 
and ratchets, maintaining a constant current at all times. This 
current control also automatically strikes the are by feeding the 
negative carbon up into contact with the positive when the switch 
is closed and then drawing back until the arc length is such that the 
current is the desired amount. Two carbon trims have been developed 
and standardized, one for fifty amperes and the other for seventy 
amperes. 

These lamps have been tried out within the last six months in 
many of the largest motion picture houses around New York City 
and the results have been not only surprising but very consistent 
under all conditions. One theatre having a screen 24 x 20 feet and 
170’ throw, was obtaining exactly 2-foot candles on the screen by 
means of the regular 70 ampere carbon are. We installed the Sperry 
Lamp on the same projector and obtained 6.2 foot candles on the 
screen or three times the screen illumination with exactly the same 
current. At another theatre, having a screen 21 x 17 ft. with a 
200 ft. throw, we found that they were obtaining 4.1 foot candles 
with a 120-ampere carbon arc. Installing the high-power lamp on 
the same projector, 7.5 foot candles was obtained at 70 amperes. This 
is almost equivalent to doubling the screen illumination with a saving 
of 40% in current. At the Capitol Theatre, with a screen 18 x 15 ft. 
and a 212 foot throw a screen illumination of 5.5 foot candles was 
being obtained from a 125-ampere arc. The Sperry lamp on the 
same projector gave 8.8 foot candles at 75 amperes, which result 
is very consistent with the foregoing results at the other theatres. 

The following table summarizes these results. The last column 
in this table which is headed lumens per ampere reduces all of the 
figures to a common basis for comparison. This figure is obtained 
by multiplying the foot candles on the screen by the number of 
square feet in the screen, giving the lumens, and dividing the total 
lumens by the current in amperes. The resulting figure is a direct 
measure of efficiency of the complete optical system, irrespective of 
length of throw and size of screen. 


Direct Size Area Illumination | Lumens Lumens 
Current, of of Screen, |Foot Candles on per 

Amperes Screen (|Square Feet) on Screen Screen Ampere 
Carbon Arc, A...... 70 24x20 480 2.0 960 13.7 
High Intensity, Arc. . 70 24x20 480 6.2 2976 42.5 
Carbon Arc, Bese. 120 21x17 357 4.1 1464 12.2 
High Intensity, Arc. . 70 21x17 357 7.5 2677 38.2 
Carbon Are, C. 125 18x15 270 5.5 1485 12.0 
High Intensity, Arc... 75 18x15 270 8.8 2376 32.0 
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It will be readily seen that the well standardized optical arrange- 
ments as now used in all large theatres give a limiting efficiency with 
the carbon are of about 12 to 14 lumens per ampere. The only 
method of increasing this efficiency with the standard optical system 
is by means of a brighter and more efficient source than the carbon 
are and this has been accomplished in a striking way by means of 
the new high-power arc which is giving consistently about three 
times the lumens per ampere on the screen. With this light increase 
available to exhibitors, there should be many advancements and im- 
provements in large house projection. It will be possible to use 
wide-angled screens in the larger sizes instead of being compelled by 
the lack of available light to use the narrow-angled metallized surface 
screens. Also it is possible by means of this new lamp to project 
satisfactory pictures on screens larger than has heretofore been 
practical. This may increase the size and depth of the future large 
motion picture houses, if an increased seating capacity is still desired. 
It will certainly make the outdoor moving picture in amusement 
and public parks much more popular, since in this field the smallness 
of the screen and the lack of sufficient illumination has been the 
greatest drawback. 

But the most urgent need for more light on the screen at the 
present time is caused mainly by the increasing density of the films 
which are now being released by all of the largest producers. In 
addition to the extreme density of the artistic feature films now being 
produced, more than half of these films are also toned or tinted. 
This reduces the screen illumination still further by an amount 
varying from 40 to 90 per cent. Projection equipments which could 
project very satisfactorily the motion picture play of four years ago, 
cannot give the same satisfaction with recent films without at least 
doubling the available light. The high power are arriving as it has 
at just about the same time as the dense artistic tinted feature film 
will solve the problem of maintaining satisfactory projection in the 
large houses by more than doubling the available light and also by 
rendering the color tinted films in brilliant true colors, due to the 
pure white quality of the high power arc. 
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Design of Power Plant and Electrical Distribution in Large 
Studios 
By Jac. R. MANHEIMER 


NOTE—The following paper covers a description of the power plant and 
electrical distribution equipments designed and installed in the new Eastern Studios and 
Laboratories of the Famous Players-Lasky Corporation in Long Island City, N. Y., and 
the Studios and Laboratories of the Fox Film Corporation in New York City. 


SYNOPSIS 
By Jac. R. MANHEIMER 
Introduction. 
FAMOUS PLAYERS-LASKY CORPORATION STUDIO AND 
LABORATORY 
I. General description of buildings. 
II. Power Plant. : 
a. Description of high-tension central station incoming service lines. 
b. Description of 7,600-volt motor generator installation. 
c. High and low tension switchboard control. 
d. Transformer equipment for general lighting and power. _ 
e. Notes on the flexibility of design and provision for expansion. 
II. High-capacity feeder system for studio equipment. 
a. Description of bare bus bar feeders. 
b. Advantages of this type of construction as compared to cable and 
conduit systems. 
IV. Studio switchboards, remote control system and plugging box equip- 
ment. 
. Description of automatic remote control switchboards. 
b. Advantages of remote control system over old systems. 
c. Description of overhead structural arrangement. 
d. Description of new monitor control station for remote control 
system. 
e. Disadvantages and criticisms of overhead system. 
V. Telephone systems. 
VI. Fire alarm and watchman’s systems. 
VII. Special signalling systems. 
VIII. Laboratory. 
a. Electric service supply. 
b. Motor generator equipment for lamps on printing machines. 
c. Description of equipment on cartoon cameras. 
d. Miscellaneous features. 


FOX FILM CORPORATION STUDIO AND LABORATORY 
I. General description of building. 
II. Source of current supply. 
III. Feeder system for studio switchboards. 
IV. Studio switchboards, remote control and plugging box equipment. 
a. Application of remote control to switchboards. 
b. Arrangement of wall and overhead plugging equipment. 
c. Description of overhead steel track system. 
d. Description of remote control stations. 
V. Advantages and disadvantages of combination overhead and floor 
systems. 
a. Comparisons with other systems. 
b. Description of work-light circuits. 
c. Description of watchman’s lighting circuits. 
VI. Telephone systems. 
VII. Fire alarm and watchman’s systems. 
VIII. Laboratory. 
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In modern studio design, the greatest problem before any studio 
engineer or architect is undoubtedly that of adequate and proper 
facilities for lighting the various stages. The arrangement of stages 
and the locations of lights is generally known to be the most un- 
certain feature in the operation of a studio. This condition requires 
the utmost flexibility. In the control of the studio lighting in large 
projects such as the Famous Players-Lasky and Fox Film Studios, 
the arrangement of the electrical equipment is a matter of prime 
consideration. 

In the early days of the motion picture studio, the lighting equip- 
ment was arranged in a manner similar to that of the legitimate 
theatre stage and very little thought was given to the entirely, differ- 
ent character of the work executed in the studio. In the beginning 
this make-shift was not so noticeable, due principally to the fact 
that the industry was “feeling its way” and had not yet started 
to broaden out into an established industry requiring intensive pro- 
duction. Studios of more than one or two stages were unknown and 
probably unthought of. Instead of a number of different pictures 
or scenes being filmed at the same time in the same building, usually 
one complete picture or serial was finished before another one was 
begun. There was employed during this time only one director. The 
studio itself was still in an experimental and development stage, as 
were other branches of the industry. 

In studios where sunlight was not used, cables were strewn 
haphazardly across the floors and hung or festooned across the 
structure of the building from a central switchboard to the various 
stages for supplying the floor and overhead lamps. The lamps were 
controlled by men stationed both at the lamps and at the switchboard. 
The men operating this equipment received signals and instructions, 
from the director or camera man, which were supposed to be ex- 
ecuted properly, promptly and in synchronism. As happened quite 
frequently the misunderstanding of the signal by a single man meant 
a retake of the entire scene, loss of time for players, directors and 
stage hands. Strange to say, many of these conditions have carried 
over to a fairly recent period, and it is only within the last two years 
that any great strides have been made in the efficient atid proper 
electrical distribution and control of artificial lighting for studios. 

The method of arranging the lights to be controlled by the direc- 
tor or camera man promptly, efficiently and without errors, was one 
of the first questions to be considered. 

A problem which presented itself in the two mammoth studios 
to be described in this paper, was the design of a suitable equipment 
which could be used by from eight to eleven directors simultaneously 
working on adjacent stages, without interference with each other. 

This paper describes only generally the various considerations 
and engineering problems which went into the design of many of the 
special features in these projects and is not intended to present the 
electrical engineering of the problem with its many technical calcula- 
tions and computations leading up to the results obtained. The 
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paper is illustrated with photographs taken during the progress of 
construction and upon completion of some of the work. 


FAMOUS PLAYERS-LASKY STUDIO AND LABORATORY 
I. General Description of Buildings. 


The Famous Players-Lasky Studio building is located at Pierce 
Street, 6th and 7th Avenues, Long Island City, and is a reinforced 
concrete structure containing upper and lower studios each measur- 
ing approximately 230 feet in length by 120 feet in width. The 
clear height of the upper studio is approximately 40 feet and of the 
lower studio approximately 20 feet. Around the studio section of 
the building the various offices, carpenter shops, prop rooms, scene 


ul 


Figure 1—Studio and Laboratory Buildings, Famous-Players-Lasky Corporation, 
Long Island City. 


docks, ete., are located. Located on the second floor in the rear half 
of the building are the men’s and women’s dressing rooms, all of 
which are provided with daylight in addition to artificial light. In 
order to provide daylight for some of the inside dressing rooms, ar 
ingenuous saw-tooth roof construction was employed, as is illus- 
trated in Figure No. 1. 

The main studio is covered over by a series of iron grating foot- 
walks which are approximately on the same level as the roof of the 
dressing room and executive sections of the building. The arched 
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truss part of the roof provides working space over the main studio, 
space for monorail system carrying the overhead lamps, overhead 
switchboard equipment, etc., as will be subsequently described. The 
two-story building shown to the left is the Laboratory Building 
owned and operated by the Famous Players-Lasky Corporation, also 
of reinforced concrete fireproof construction. 


II, Power Plant. 

The Famous Players-Lasky Studio is supplied with 7,600 volts, 
60-cycle, alternating current, by the local lighting company. The 
Famous Players-Lasky Corporation has a wholesale contract with 
the Lighting Company for high-tension current, based on an average 
maximum demand for a 30 minute period during peak load and it is 
hoped that the cost of current will be brought down to approximately 
2 cents per K.W. hour when the studio is in full operation. The 


Figure 2—Detail plan of Generator Room and Transformer Vault. 


7,600-volt lines are brought into the building underground to the 
lower level of a high-tension vault, as shown in Figure No. 2, through 
the Lighting Company’s primary switches, recording watthour 
meters and demand meters and from there run to the consumer’s 
main-line oil switch and sub-oil switches and transformers. The 
transformer equipment is used for general house lighting and power. 
The 7,600-volt high-tension service is run through the various dis- 
connect and oil switches directly to 435 H.P. synchronous motors, 
each direct connected to two 150 K.W. generators. 

Each one of these units of which there are three at the present 
time, has a direct current capacity of 300 K.W. and designed to 
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supply 3-wire system at 250/125 volts. The motor generators in- 
stalled are of the three-unit type arranged with two generators 
mounted on a common shaft on either end of the driving motor. 
This type of apparatus has been found most suitable for supplying 
direct current in studios. It is generally known that the three-wire 
system of distribution is the most economical, but that the possibil- 
ities of unbalancing such a system in a studio are very great. With 
the standard type 3-wire generators as are ordinarily furnished 
for commercial work, the percentage of unbalancing of load on 
either side of the three-wire system is rarely if ever permitted to be 
more than 25%, which is the maximum capacity of the special 
balancing coils, balancer set or compensating taps inside of the 
machine. However, in studios, the nature of the load is such that 
the percentage of unbalancing is very high and sometimes reaches 
as much as 100%. There is no commercial type three-wire gener- 
ator made which will operate under these conditions and the uni- 
versal practice, therefore, now seems to lean towards the application 
of three-unit sets where the two generators on the same set are con- 
nected in series to obtain the Edison 3 to 2 wire system in identically 
the same manner as was employed by the large central stations in 
the early days of the Edison three-wire system. The neutral or 
middle leg of this system is connected to the tie between the positive 
lead of the one machine and the negative lead of the other. 

A very interesting paper* was contributed by one of our mem- 
bers describing the various advantages obtained by the use of this 
type of apparatus. 

A feature of this installation, which is rather unusual, is the 
application of the 7,600 volts direct to the synchronous motors with- 
out interposing “step-down” transformers. 

With this arrangement transformer core losses and transformer 
difficulties are eliminated as well as the loss of valuable space, bulky 
and expensive oil switch equipment and the original investment of 
transformers with maintenance, depreciation and interest items 
charged against them. 

So far as safety of operation of the high-tension motors is con- 
cerned, ample protective devices are provided, guarding against 
accidental or intentional contact with the live parts of the high- 
tension equipment. The connection to each and every piece of high- 
tension apparatus is intercepted by a double throw disconnect switch 
with lower jaw grounded. When it is necessary to perform work 
or make repairs on any part of the equipment, the high-tension dis- 
connect switches on this circuit are thrown into the lower jaws. 
This opens the supply circuit and connects the equipment to the 
ground, thereby insuring the repair man or operator that the ap- 
paratus upon which he is to work is of the same potential as the 
ground and also at the same time dissipating all static or condenser 
charges. 


The arrangement of supplying the various 7,600-volt motors on 


*Campe, H. A. Transactions, October, 1919. 
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the motor generator sets is shown diagramatically in the plan view 
of Figure No. 2, and it will be noted that the only high-tension con- 
nections coming into the generator room are those running directly 
into the generator pits under the 435-H.P. motors. These connec- 
tions are all thoroughly insulated and protected so that workmen in 
the generator pits cannot make accidental contact with any of the 
high-tension connections. In addition to this safety feature, a com- 
plete network of grounding conductors has been run under the floor 
of the transformer vault and generator room, consisting of No. 4/0 
cables laid in the concrete with taps and connections to ground shafts 


Figure 3—Lower level of high tension vault during construction. 


sunk 18 feet to permanent moisture. These grounding shafts have 
been spotted around the equipment on about 10-foot centers, so that 
the failure of any one ground will not interfere with the effectiveness 
of the rest of the grounding system. 

The plan in Figure No. 2 shows five auto transformers used for 
starting the 435-H.P. motors on the five motor generator sets. The 
present equipment consists of only three units, but all underground 
conduits and foundations have been prepared for two additional sets. 

Figure No, 3 is a photograph of the lower level of the high- 
tension vault during construction, showing on the right the auto 
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transformers for starting the high-tension motors and the oil 
switches and high-tension disconnect switches mounted on pipe frame 
construction. The special double floor construction designed to re- 
ceive the various oil switch operating mechanisms, thereby leaving 
the floor of the transformer vault free and clear of all obstructions 
and projections to trip over, is shown in the illustration. Figure 
No. 3 shows the openings in the floor without the trench plates in 
place. To the left of the photograph can be seen the rear of the 
high-tension control board which is mounted into the wall separating 
the transformer vault from the generator room. The various oil 
switch operating rods are seen dropping to the lower level of the 
double floor and rising at the oil switches. The high-tension service 
is tapped off and feeds through all the equipment shown in Figure 
No. 3, directly to the motors. 


Figure 4—7,600 Volt dead front flush 
type control board. 


A noteworthy feature of this installation is the arrangement of 
the wires from the various instrument transformers which are run 
inside of the pipe racking over to and connecting with the high- 
tension control board. 

Figure No. 4 is a front view of the high-tension control board 
mounted flush into the wall separating the generator room from the 
transformer vault. This switchboard is entirely dead front and 
provisions have been made in the wall for the two future panels 
to control the additional motor generator units, The first panel at 
the left controls the main high-tension oil switch for the entire plant. 
Panels 1, 2 and 3 are used to start the 435 H.P., 7,600-volt syn-. 
chronous motors driving the motor generator sets. A branch of 
the high-tension service rises to the upper level of the transformer 
vault shown in Figure No. 5 and is tapped off to the various high- 
tension disconnect switches and fuses protecting the transformers 
whose secondaries supply 220-110 volts, three-phase current for the 
general house lighting and power. 

Figure No. 5 shows the work under construction and gives an 
idea of the relative arrangement of upper and lower levels of trans- 
former vault and also shows in detail the rear of the main high- 
tension control switchboard. 
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Figure 5—Perspective of upper and lower levels of high tension 
vaults during construction, 


Figure No. 6 shows the arrangement of the lighting and power 
transformers on the upper level and it is to be noted that each trans- 


Figure 6—Transformer equipment for house lighting 
and power, upper level of high tension vault. 
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former is provided with not only primary disconnect switches which 
are connected to the high-tension bus bars but also with secondary 
disconnect switches which in turn are connected to the main low- 
tension bus bars running horizontally over and across the various 
transformers to the main low-tension service board shown to the 
right of the photograph. From this service board, the feeders run 
to the main low-tension switchboard in the generator room. The 
pipe racking and disconnect switches shown in this photograph were 
designed so that when a repair or replacement of any transformer 
is required, it is necessary for the operator merely to open the 
secondary disconnect switch and throw the primary disconnect 
switches into the lower jaws, thereby insuring the repair man that 
the transformer leads are of the same potential as the ground. The 
racking and secondary bus bar feeders are arranged so that a trans- 
former can be removed by loosening a few of the connections and 


Figure 7—General view of generator room, showing main switchboard at left. 


rolling the transformer out of its compartment without interfering 
with the operation or the arrangement of the rest of the equipment. 

From the main low-tension service board shown in figure No. 6, 
light and power feeders are run to the main low-tension switchboard 
in the generator room shown in Figure No. 7. This switchboard is 
approximately 35 feet long and 8 feet high and is designed to control 
ultimately 10-150 K.W., 125-volt direct current generators operated 
in pairs. The direct current generator control panels are located at 
the right of the switchboard and three panels are equipped at the 
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present time for the control of the present three sets of generators. 
Blank panels have been provided for mounting future generator 
equipment. The studio circuit >reaker sections are located in the 
center panels of the switchboard and are each equipped with 5,000- 
ampere, two-pole circuit breakers and 5,000-ampere, three-pole, knife 
switches with ample space for recording instruments. The left sec- 
tions of the switchboard are used for feeder switches controlling the 
various house lighting and power feeders. All the various generator 
leads are brought to the main switchboard with the exception of the 
equalizer leads which connect to knife switch pedestals, two of which 
are installed with each motor generator set. The various outgoing 
feeders and the generator leads are all brought underground into 
the switchboard through a long trench. The usual method of drop- 
ping conduits down to the top of the switchboard from overhead 
is avoided. The generator sections of the switchboard, Fig. 7, are 
each equipped with safety stop devices and the circuit breakers are 
interlocked with the main oil switches, preventing the operator from 
throwing the generators on to the direct current bus bars unless 
the high-tension motor driving the generators is running. The 
motor generators are equipped with over speed devices which will 
trip out the main oil switches should the machines get out of step. 

The generators are of standard General Electric 40° design, but 
the motors driving them were specially designed for the present 
7,600-volt service with special taps for a change-over to 4,000-volt 
service which is contemplated in the near future. 

The motors are of the synchronous type, rated at 435 H.P. 
and will operate with 25% overload for a period of two hours with 
very little rise in temperature. A feature which cannot be em- 
phasized too strongly is that of intermittent overload capacity in 
equipment used in large studios. The compensators used for starting 
these synchronous motors also have a special “five minute” rating 
for starting duty which provides additional insurance against burn- 
ing them out or over-heating under abnormal starting conditions. 
This feature is also important since these sets may at some time be 
started by an inexperienced operator and may require several at- 
tempts to start a machine and bring it up to synchronous speed so 
that it can be thrown on the line without causing a surge disturbance. 


III. High Capacity Feeder System for Direct Current Studio 
Equipment. 


On account of the large current requirements for the studio 
lighting equipment, a great deal of consideration was given the feeder 
system intended to supply the various studio switchboards. It was 
considered quite impracticable to install the feeders using the con- 
ventional insulated cables in conduits, since the cables required 
would have been of unusually large sizes and the conduits to protect 
them correspondingly large and cumbersome. The feeders to the 
various switchboards could have been run by doubling or trebling 
the number of cables per leg and with this arrangement, each switch- 
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board would have been provided with a separate feeder and the 
total load taken off any single switchboard would have been limited 
to the size of the individual feeder supplying it. 

To avoid these conditions and to provide a feeder system of 
the utmost flexibility and one in which its capacity might be increased 
at some future time without extensive changes, a bare bus bar system 
was designed having sufficient capacity to take care of all the present 
requirements. This consists of a single bus bar feeder for each 
studio which passes virtually through all the switchboards. If nec- 
essary the entire plant capacity can be taken off a single switchboard 
without overloading the feeder. In addition to this feature, a min- 
imum drop in voltage is obtained and the studio is utilizing 100% 
of the copper installed in the building all the time. With a separate 
feeder system (individual feeder to each switchboard), there may 
be times when as much as 90% of the copper is not in use. The bus 
bar feeder system is nothing more or less than an extension of the 
main switchboard in the generator room and as designed in this 
studio is equivalent to the power plant being placed up over the 
studio alongside of the various studio switchboards. There are 
many advantages accruing from a system of this kind, some of which 
may be briefly stated as follows: 

a. The currents handled are relatively large compared to those 
that can be handled by insulated cables on account of the greater 
amount of radiating surface exposed to the air and the facility for 
keeping the copper at a lower temperature for much greater current 
densities. 

b. Due to the low operating temperature of the bus bars as 
compared to cables, the actual power loss in the copper is less. 

c. Due to the large amount of radiating surface, the overload 
capacity of a bus bar feeder is greater than that of any cable having 
an equivalent copper cross section. 

d. Due to the absence of deterioration of insulation (porcelain 
is used for insulation), a bus bar installation is practically per- 
manent. The life of a cable installation may be from five to ten 
years, depending upon the overload demands made on the system 
and is dependent entirely upon the detorioration of the cable insula- 
tion. 

e. Bus bar systems offer easy facilities for increasing the 
capacity by simply adding laminations. Cable systems require the 
installation of new conduits if the present conduits are too small or 
else the withdrawal of present wires and the installation of heavier 
wires. Bus bar systems offer the advantage that they may be in- 
creased in capacity in one section of a plant with copper removed 
from other sections of the plant which may not be so heavily loaded. 
It is quite impossible to do this with cables. 

f. Bus bar systems are easy to inspect and offer splendid facil- 
ities for making repairs. Cable system when needing repair, usually 
requires an entire new length of cable should even a small section of 
it become damaged. 

g. So far as the actual insulation is concerned, bus bars are 


103 


S. 
1e 
fe 
ne 
Or 
he 
ch 
ng 
ito 
ad 
ire 
ire 
ess 
‘he 
vill 
ep. 
but 
ent 
volt 
vith 
em- 
in 
Hing 
Hing 
irn- 
|__| 


better insulated than the ordinary interior rubber-covered cable for 
the reason that high-voltage porcelain is used throughout (in this 
particular installation the porcelain was tested at 6,600 volts whereas 
the actual operating voltage is 110), and the insulation resistance of 
a bus bar system as shown by actual test is many times greater than 
that of an insulated cable system using commercial gr rade of insula- 
tion. The bus bars in this particular installation are protected by wire 
grille mesh work with large air spaces between the grille work and 
copper work so that it is practically impossible even if the grille work 
is damaged to come in contact with the bus bars. 

h. The cost of a high capacity bus bar system for large 
amounts of current usually, as in this case, is not much greater 
than that of a cable and conduit system having the same capacity, 
and affords all the additional advantages mentioned. 

The outstanding feature of the design of this system is the fact 
that the institution can expand and the feeder system can also expand 
without any material changes to the present system and with very 
little additional cost. The feeder system installed in the upper studio 
is intended for an intermittent load of 10,000 amperes at 125 volts 
or 8,000 amperes continuously and in the lower studio an inter- 
mittent load of 8,000 amperes at 125 volts or 6,000 amperes con- 
tinuously. 

Figure No. 8 is a photograph of the bus bar feeder (before 
being enclosed with grille work) coming out of the generator room 
and rising up the studio wall. The insulated heel supports shown 
are designed to take the vertical thrust of the bus bar and to with- 
stand the dead load as well as the strains due to expansion and con- 
traction of the copper. 


Figure 8—Bus bars coming from generator Figure 9—View showing entire vertical 
room and rising to footwalks. bus bar running up wall of upper studio. 
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The insulators used for supporting these bus bars are designed 


od to each carry an ultimate stack of six 4’x 44” copper bars and the 
~ braces are installed approximately every six feet. 
of A characteristic of a bus bar system which must be taken into 
kas consideration is the phenomena of mechanical forces due to mag- 
“a netic effects tending to thrust the bus bars apart under short circuit 
i conditions. It was calculated that the horizontal thrust strain on 
ue" short circuit for this particular system is approximately 409 pounds 
we per foot with 8” centers between opposite polarities, The wrought 
iron braces and insulators being placed every six feet, required in- 
ge sulators designed to withstand a short circuiting stress of 2,454 
il pounds per insulator. The insulators furnished for this installation 
“a were tested at 4,100 pounds cantilever stress. Another condition 
a7 which had to be provided for, was that of expansion and contraction 
of the copper with varying temperatures based on the worst condition 
act in the winter when the building might not be heated, to the highest 
nd temperature in the summertime. In order to provide for the ex- 
wf pansion and contraction, the bus bars are so held in the insulators 
lio that they may slide through them without subjecting the porcelain 
Its of the insulators to any abnormal strains. The insulator bases are 
win provided with slotted holes for expansion and it is intended that 
ni these also will assist in compensating for the expansion and contrac- 
tion. Ordinarily in a system of this kind, special extra flexible 
ore “U-shaped laminated expansion joints should be installed along the 
om line of the bus bar which function very much the same as expansion 
wn bends do on a steam line. However, on account of the peculiar con- 
th- ditions in this studio, the system is arranged without these bends. 


Another feature in the design of the bus bar system was the 
question as to whether the bus bars which come in lengths of from 
10 to 12 feet should be butted or lapped between lengths and it was 
decided that all vertical runs should be butted so as to prevent a 
bar from falling out of the insulator and sliding past a lower bar in 
the event of any undue expansion. Where the joints were butted, 
copper splicing plates were used on each side of each lamination to 
carry current from one length of bus bar into the other. These 
splicing plates and bus bars are all “ground in” and clamped together 
solidly to obtain minimum surface contact resistance. In the hori- 
zontal bus bar runs, the ends of the various lengths of bar were also 
“ground in,” but lapped instead of butted and clamped together 
solidly to obtain minimum contact resistance. In this type of con- 
struction, the copper splicing plates were unnecessary. 

Figure No. 9 is a photograph of the bus bar system for feeding 
the upper studio run up the surface of the upper studio wall to 
the roof space above. 


Figure No. 10 is a photograph of the feeder after the switch- 


3 boards had been set in place and after the bus bars had becn enclosed 
el) with wire grille. This bus bar feeder passes through five switch- 
; boards similar to the one which is in the foreground of the photo- 
ng graph and there are five other similar switchboards in the roof space 
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Figure 10—Main bus bar feeder running thorugh roof space and overhead switchboards 
after completion. 


IV. Studio Switchboards and Plugging Box Equipment. 


Over the upper studio are ten remote control studio switch- 
boards installed similar to the one shown in Figure No. 11. In 
the lower studio there will ultimately be approximately nine of these. 
This photograph shows the switchboard mounted in a steel cabinet 
braced to a roof truss and consisting of the remote control section 
used for controlling the floor, lamps and top lights from a control 
box placed on the studio floor and a distribution section which sup- 
plies the various high capacity pockets for use with spotlights and 
high intensity arcs. The spotlights and ares are usually hand- 
controlled at the lamp and it has, therefore, been considered in- 
advisable to put these on the remote control section. The advantages 
of the remote control system designed for this studio over that of 
the old type conventional switchboard systems, are many. 

a. By its use, valuable floor space is not occupied by cumber- 
some switchboards. 

b. By installing the switchboards overhead, the various stage 
cables may be dropped from overhead to the exact point at which 
they are required on the studio floor instead of having them lie across 
the floor interfering with stages in operation and with the moving 
about of scenery, floor lamps, etc. This interference is not only 
annoying but actually ruins the insulation on the cables. 
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c. The switchboards being placed out of the way, it is impos- 
sible for anybody to touch the live parts or to be near any arcs of 
the switches when making and breaking circuits. 

d. By its use, several stages may be worked at one time in 
the same studio without confusion, since the director need not shout 
to the operator at the switchboard .controlling his stage, thereby 
disturbing his own and the other companies which may be working, 
or cause delays due to misunderstandings on the part of the switch- 
board operator. 

e. The facility for the director or camera man to operate or 
directly supervise at close range the lighting on his own stage with- 
out calling for an electrician and without disturbing or distracting 
the players’ attention by shouting orders to other people. 

f. The switchboard operator need not remain at the switchboard 


Figure 11—View showing 6-gang plugging box and method of plugging in on 
footwalks over studio. 


waiting for a cue to switch “on” and “off” lights. Almost any kind of 
special effect lighting can be controlled from the stage in combina- 
tions of one, two, three or four groups. It is also possible to arrange 
a switch on the “props” itself which the actor can operate so as to 
obtain absolute synchronism of the lights with the action of the play, 
eliminating thereby the time interval or lag usually noticed on the 
screen when the actor is supposed to turn “on” or “off” the lights 
in the room which he is entering or leaving. 

g. To obtain lightning effects with the old type of switch- 
board, it was necessary for the switchboard operator to pull open 
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and close one of the large master knife switches which not only 
caused considerable arcing of the switch and distracted the actor’s 
attention, but also burned away the switch parts so that replacements 
or repairs were often necessary after such a scene. 

With the remote control system, the director or camera man has 
at his command a number of keys which control the various lights 
or groups of lights as desired. With these operating keys, it is pos- 
sible to obtain effects identical to those produced on the theatrical 
stage. The lights can be instantly turned off as soon as the scene 
is completed or while the scene is held for further instructions or 
rehearsal, thereby effecting a considerable saving in current con- 
sumption and the trimming of are lamps. 

Each of the remote control switchboards in both upper and 
lower studios are equipped with six sets of Lasky type contactors 
manufactured by the Sundh Electric Company. These contactors 


Figure 12— Method showing manner of 
shifting top lights on overhead monorails. 
Also note surplus cable not required on 
studio floor. 
were designed to withstand a continuous overload of 100% and are 
provided with special magnetic blowouts so as to extinguish heavy in- 
ductive arcs on breaking the circuit. 

Referring to Figure No. 11, the bus bar feeder is shown passing 
through the lower right-hand portion of the switchboard and the 
switchboard bus bars tapped directiy into this feeder. The fuses 
shown over the contactors protect the various contactor circuits 
and when repairs or replacements are necessary on any single con- 
tactor, its fuses may be removed without interfering with the rest of 
the equipment on that particular switchboard. From the knife switch 
section of the switchboard, branch feeders are run to the various 
spotlight and are pockets located over the footwalks of the upper 
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studio. From each group of switchboard contactors in upper studio 
feeders are run to a plugging box placed directly underneath the 
switchboards as shown in Figure No. 11. Each plugging box has a 
capacity for six three-wire circuits’ arranged for connecting to six- 
gang portable spider boxes placed on the footwalk for the top lights 
or on the studio floor below for the floor lamps, and each contactor 
unit thereby controls all the lights connected to a six-gang spider 
box. 

The overhead footwalks as shown in Figure No, 12 also hold 
the surplus stage cable and are used for facilitating the moving about 
of the overhead lighting equipment. A system of monorails support- 
ing the overhead lamp equipment runs lengthwise through the entire 
studio on approximately seven-foot centers. These monorails hold 
rolling carriages and chain blocks dronping through 6” slots in the 


‘ Figure 13—View of part of upper studio in operation. 


footwalks from which the Cooper-Hewitt and other overhead lights 
are hung. This photograph shows one of the men pushing the rolling 
carriage along the monorail. 

Figure No. 13 is a photograph of part of the upper studio 
showing stages set up with top ‘izhts, ete. The scene docks are 
shown to the right. In the foreground of this photograph is a 
cable dropping down from overhead to a portable Monitor station 
on the floor which is used by the camera man or director. The 
photograph does not show any stage set up at this particular point, 
but these cables may be dropped to any part of the floor as desired. 
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The Monitor studio remote control station as shown in Figure 
No. 14, specially developed for the Famous Players-Lasky Cor- 
poration, consists of a series of ‘“break-back” switches which are 
thrown from one side to the other or held in a neutral center posi- 
tion similar to the listening keys on a telephone switchboard. These 
stations are ruggedly made and designed to stand all the abuse which 
equipment of this kind is subjected to in a studio. The pin plug 
connector coupling at the top permits removing the station from the 
portable cable so that it is unnecessary to hoist the heavy box out of 
the way. The left vertical key of this device is a Master which 
controls the left positions of all of four of the sectional keys. The 
left positions of the remaining two sectional keys are connected 
directly to the line and are not controlled by the Master. The upper 
right vertical key is also a master which controls the right positions 
of all of the sectional keys. By means of the Master keys, two 


Figure 14—Photograph Showing Port- 
ability of Monitor Remote Control 
Station 


large groups of lamps can be controlled in one operation and by 
means of the lower left positions of thé two lower keys, a third 
group of lamps can be controlled independent of the Masters. One 
of the section keys can throw “on” or “off” all the lamps con- 
nected to a single spider box usually consisting of six, The opera- 
tion of one Master can throw “on” or “off” all the lamps connected 
to six spider boxes usually consisting of about 36 lamps. As pre- 
viously stated in the design of the contactors, 100% overload capa- 
city was provided for, and the contactors were designed not only to 
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carry this overload without perceptible heating but also to break the 
circuit without dangerous arcing or deterioration of the contact 
surfaces. The Monitor remote control stations are also arranged 
with auxiliary pin plugs in the lower ‘part, not shown in the photo- 
graph, whereby the master keys on the control station can control 
all the lamps corresponding to two or more other control stations 
with a single operation. This feature is accomplished by connecting 
together the various control stations by means of light portable 
No. 14 gauge conductors in train line fashion and this arrangement 
will permit the various switchboards to function in a manner similar 
to the Master Controller on an electric railway train consisting of 
several cars. The principles of the remote control system are by no 
means new. For the past ten years because of the safety, simplicity, 
saving in time, minimizing of maintenance expense and the absence 
of delays due to breakdowns, it has been developed and applied to 
the largest industrial plants in the world where hundreds and hun- 
dreds of horsepower in motors are remotely controlled. 

For the lower studio, the same type of station is being con- 
structed with the exception that there will be three Master keys in- 
stead of two, the left positions on all of the sectional keys being con- 
trolled by two Masters instead of one. 

Figure No. 14 gives an idea of the compactness and portability 
of this control station and one must marvel that this little box func- 
tions as completely if not more so than the old-time conventional 
switchboard that usually occupied from 40 to 60 square feet of 
valuable studio floor space. 


Disadvantages. 


The various advantages of the overhead system as installed in 
this studio are many but there are a few disadvantages of which 
mention might be made at this time. 

a. For studios having considerable height, such as this one, the 
cables dropping down from the footwalks are very heavy and difficult 
to handle unless a winding reel or special counterweight system is 
employed. The result is that the cables are not always lifted up and 
dropped to the most advantageous locations, but are partly laid on 
the floor. 

b. Another disadvantage is the hazard connected with men 
working up overhead and dropping plugs, pliers or other tools 
through the slots in the footwalk down to the stage floor. Of course, 
this latter condition also exists in studios where all the connections 
are made up on the floor and where the men hang scenery and top 
lights while working on scaffolds and ladders. 

An advantage of the footwalks, forming part of the overhead 
system, which offsets all of the disadvantages and which appeals 
to every studio manager, is the facility for hanging scenery effects 
and lights from some sort of overhead fastenings. An ideal studio 
would be one having its ceiling constructed of a horizontal net work 
of steel ropes, the strands of which are capable of supporting 
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approximately 1,000 pounds every five feet. It is a known fact that 
the location of the hangings for overhead equipment including 
props, is always uncertain. The overhead footwalks and structural 
arrangement of this studio is equivalent to having the ceiling studded 
with eye bolts or the improvised horizontal network of steel rope. 
The overhead footwalks are very valuable as runways for the men 
to work on, but just as much so for the property men to hang their 
scenery and special lighting equipment. 


V. Telephone Systems: 


This studio is equipped with two distinct telephone systems, one 
consisting of a 20-trunk line, New York Telephone Company’s PBX 
switchboard with its operators and approximately 150 extension in- 
struments throughout the studio. The other system consists of a 
200-line automatic switchboard and 100 extension instruments lo- 
cated throughout the studio and Laboratory Buildings. The auto- 
matic telephone system as is generally known, dees not require any 
operators for making connections between extensions and has un- 
limited capacity so far as concerns the number of extension instru- 
ments which it will accommodate. The automatic switchboard equip- 
ment installed has an ultimate capacity of 200 lines, and was fur- 
nished and designed by the Automatic Electric Company and is 
similar in all respects to their PAX system now operating in several 
of the smaller cities throughout the country. No other automatic 
intercommunicating system available at the present time can accom- 
modate as many extension phones as are installed in this plant. 


VI. Fire Alarm System. 


The building is completely protected by a combination watch 
and fire alarm system, stations of which are used ordinarily. for 
transmitting signals by the watchman while making his rounds. 
These signals go to a central office outside of the plant, supervised 
by the local telegraph company, and logs are kept of the rounds 
made by the watchman which are submitted to the owners at the 
end of each week. In other words, the watchman is supervised and 
unless he sends in his signals regularly and periodically, the super- 
visor goes to the building to determine the cause for the irregularity. 
In case of fire, the same station is used, but a different type of signal 
is registered in the central office by means of which the supervisor 
knows it is a fire signal. He then communicates directly with fire 
headquarters, obviating the necessity of going to a fire alarm box 
on the street to send in the alarm. 


VII. Miscellaneous Signal Systems. 


On account of the large area covered by the studio and the 
difficulty in summoning principals who may be on the stage floor, 
to the telephone or otherwise, a special electric silent call system 
using an electric numerical monogram signal has been devised, 
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similar in appearance to the common carriage call used by theatres. 
The telephone operator will be provided with a U. S. E. M. selector 
type keyboard, which is arranged to light up monogram signalling 
panels located under the footwalks in the upper studio and at the 
same time giving a single stroke on a gong, attracting attention to 
the illuminated signal. By means of this special selector, numbers 
ranging from 1 to 999 may be set up without the use of the cus- 
tomary perforated cards and other complicated apparatus used with 
carriage call systems. An outstanding feature of this silent call 
system is the fact that one dces not have to stop work to count 
the number of strokes on a gong in order to interpret the signal. It 
is merely necessary to glance up at the electric monogram to see 
whether or not the signal concerns one. The interference with the 
work on the stage is but momentary as compared to the gong and 
horn system used in many plants. The wiring for this system is 
quite simple and consists of 26 No. 14 wires and two No. 10 wires 
run as a single cable from the selector to the electric monograms. 
The current supplied is obtained from the house lighting circuits. 

Another system of special signalling devices was installed in 
some of the private cffices of the executives, operated by a foot push 
and lighting a lamp over the secretary’s desk. By means of this 
signal, a principal can summon his secretary without detection or 
suspicion on the part of the visitor and the secretary can then either 
usher the visitor out or find a ready excuse for calling the executive 
away from his desk and in that manner dispense with the presence 
of an undesirable visitor in a polite and expedient manner. 


VIII. Laboratory. 


The Laboratory Building shown in Figure No. 15, receives 
its electric current supply over three different services from the 
main switchboard in the studio generator-room across the street. 
The Laboratory Building is supplied with alternating current, 220- 
volt, three-phase for the various motors and 220/110-volt alternating 
current for the lighting. There is also a direct current emergency 
feeder connected to the direct current bus bars on the main switch- 
board in the generator room which may be used for the printing 
lamps or the Cooper-Hewitt equipment on the cartoon and titling 
cameras in the Laboratory Building. 

A 5% K.W. motor generator set has been installed in the 
Laboratory Building to supply direct current, 118 volts, to the print- 
ing lamps on the film printing machines and to the Cooper-Hewitt 
lamps on the cartoon cameras. In order to keep this voltage at a 
constant value for printing, an automatic voltage regulator is em- 
ployed, the details of which are familiar to most of us. The Cartoon 
Department in the Laboratory is rather unique. Each cartoon 
camera is operated by a small motor, which is started and stopped by 
means of a foot treadle. The sketching frame on the table directly 
beneath the camera is illuminated by Cooper-Hewitt “U” tubes on 
either side. 
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The Laboratory Building is equipped with a large number of 
connections for supplying alternating current to monoplane lamps. 
and projection machines. The various circuits feeding the printing 
and perforating machines are run to distributing panels located 
outside of the actual work-rooms. The advantage of this arrange- 
ment is obvious when replacements of blown fuses are to be made 
and when one considers how difficult it is to do this in a dark room. 

The Air Conditioning Plant in the Laboratory Building requires 
considerable power for driving the various refrigerating and pump 
machinery, all of which is supplied from the transformers installed 
in the studio building. There is also to be installed a breakdown 
emergency secondary service, which will supply a limited amount of 
current for both light and power into the studio and laboratory 


is 


Figure 15—Famous Players-Lasky Laboratory Building. 


buildings in the event of a breakdown in the high tension supply 
of the main building. 

A special feature installed in the Developing Rooms is the appli- 
cation of a small transformer for supplying low voltage to auto- 
mobile type lamps which are protected in a transparent ruby water- 
proof casing and which are submerged into the tinting solutions to 
ascertain the color density of the solution. These are also used by 
the developers as hand lamps between the layers of fikn on the 
frames in preference to the regular ruby wall boxes for examining 
the density of the film. With this low voltage arrangement, a lamp 
of small candlepower can be used and the entire outfit is in such 
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flat and compact form that it can be contained in the palm of the 
hand. 

The exhaust system in the Perforating Room is worthy of 
special mention. This system is made up entirely of threaded pipe 
fittings and no sheet metal ducts are used. This eliminates entirely 
air leaks and a great portion of the noise usually caused by the ex- 
hausting air travelling at high velocity. 

In the Drying Room, the ten revolving drying drums are driven 
by two jack shafts, each jack shaft connected by a silent chain drive 
to a motor. Although each drum is not provided with individual 
drive, it is provided with a friction clutch so that it can be stopped 
without necessitating the stopping of the other drums, the jack 
shaft or the motor. 

The projection machines used for inspecting film are each 
equipped with a foot treadle which operates a friction clutch so that 
the motor may continue to run but the film stopped, quickly and 
suddenly at any point at all for cutting, examining or notching. 


Figure 16—Studio and Laboratory Building of the Fox Film Corporation, 
New York City. 


FOX FILM CORPORATION STUDIO AND LABORATORY 


I. General Description of Building. 


The Fox Studios, Laboratories and Executive Offices are all 
housed under one roof in a four-story brick structure occupying 
the entire block from 55th to 56th Streets and 10th Avenue and 
running approximately 300 feet east on both 55th and 56th Streets, 
to the floor lamps, but the arrangement of the various pockets and 
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which is the largest single building in New York City devoted to 
the industry. The photograph shown in Figure No. 16 is a view 
of the building from the 10th Avenue side. 

The lower floor is devoted entirely to the Film Laboratory and 
is operated as an entirely separate and distinct branch of the cor- 
poration. This Laboratory is one of the finest in the world and one 
is impressed upon first entering it by the great amount of white tile 
used throughout, for the ceilings, walls and floors. This part of the 
institution is absolutely dustless and practically fire-resisting. 

The executive offices, scenario rooms, projection rooms, dressing 
rooms, restaurant, etc., take up the entire second floor. 

On the third floor are the two studios, covering approximately 
35,000 square feet of floor area, one studio measuring 275 feet in 
length by 100 feet in width by 22 feet in height. and a smaller studio 
measuring 105 feet in length, 96 feet in width and of the same 
height as the larger studio. 


II. Source of Current Supply. 


Electrically, the building is divided into three sections, Labora- 
tory, Administration and Studio. 


There are four different sources of central station supply, one 
alternating current 220/110-volt two-phase service for the Labora- 
tory lighting and power, and three direct current 220/110-volt serv- 
ices for the Studio and other lighting. The combined capacity of 
the direct current services supplying the studio switchboards totals 
13,000 amperes at 120 volts. The various services brought into the 
building are independent of each other so that the failure of one will 
ordinarily not affect the remaining services thereby enabling the 
studio to continue its work without interruption due to this cause. 
The alternating current in addition to supplying the motors on the 
Laboratory equipment also supplies the motors in the carpenter and 
machine shops, refrigerating, heating and air conditioning plants and 
ventilating system. The air conditioning plant alone consumes 
approximately 300 H.P. and is used to regulate the temperature and 
humidity for the developing and printing machines and for general 
conditioning of the laboratory air. 


III. Feeder System for Studio Switchboards. 


The Studio is equipped with six remote control switchboards 
quite different from those installed in the Famous Players-Lasky 
plant. These six switchboards are supplied by three main feeders 
arranged in a manner so that all the copper of these feeders is 
always in use and when the feeders are not carrying full load current 
the drop in voltage is practically negligible due to the fact that all 
the copper installed is in service all the time. This arrangement 
approaches as nearly as possible that of the bus bar system described 
in this paper. 
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IV. Studio Switchboards and Plugging Box Equipment. 


The Studio is equipped with six combination manual and remote 
control switchboards, each measuring approximately 11 feet in length 
by 10 feet in height, enclosed and protected on all sides and top by 
wire grille work. The manual sections of the switchboards consist 
of double-throw knife-switches' for feeding the various lines running 
to pockets on the side walls and overhead, and are supplied by a 
double bus bar system. Each of the double set of bus bars is con- 
trolled by master knife-switches of high capacity used for manual 
control of “effect” lighting. In addition to these master knife 
switches, each switchboard is equipped with from six to eight heavy- 
duty type remote control magnetic switches which are operated from 
the stage by the director or camera man in a similar manner to the 
remote control system described elsewhere in this paper. These 
magnetic switches are of high capacity in order to handle the heavy 
currents required by the special control and are each equipped with 
a vacuum dash pot device which eliminates practically all the noise 
occasioned by the closing and opening of the heavy contacts. It is 
obvious that this noise would be very objectionable on the stage floor 
and might interfere with the players and directors. These vacuum 
dash pots in addition to eliminating the noise, reduce the wear and 
tear on the remote control switches. The application of remote 
control switches to these special conditions and the special dash pots 
with which they are equipped, was under the direction and sugges- 
tions of Mr. Walter J. Quinlan, the electrical engineer for the Fox 
Film Corporation, who is also a member of our Society. In order 
to obtain the combination manual and remote control in this studio, 
it was necessary to sectionalize the main bus bars on the various 
switchboards and intercept each of these sections with a remote 
control switch of proper capacity. 

The wiring equipment consists of heavy feeders to three-wire 
wall pockets located on the walls around the studio, each controlled 
by a double-throw knife-switch on its corresponding switchboard. 
Branch circuits of lower capacity run to the various overhead plugs 
for direct connection to the top lights without the use of spider 
boxes. 

The system designed for the Fox Studios, while more expensive 
than any system ever installed in any studio in the world, is con- 
siderably more flexible than any other system. 

Not only can the lights be remote controlled from the stages 
out on the studio floor for special effects, but when any change is 
necessary in the combination or number of lights, it is unnecessary 
to interfere with the plugging equipment or with the cable connec- 
tions on the stage floor. To make such a change, it is merely neces- 
sary for the electrician to go to the corresponding stage switchboard 
and throw the various knife-switches connected to certain pockets 
on to the proper bus bar and proper remote control switch, The 
advantage of this feature is apparent since there are no overhead 
footwalks necessary in this studio and changes can be quickly made, 
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without interference to the sets on the floor and without one stage 
interfering with the other. The switchboards are also arranged so 
that several stages can be operated from the same board independent 
of each other without interference. 

The top lights are hung from an overhead track system of the 
Louden make, fastened to wooden roof trusses and cross beams 
with a very complete system of switching frogs which enables the 
convenient transferring of top lights from one stage to the other. 

The overhead rail system is of light construction and is “T” 
section in shape and weighs slightly over one pound per foot. These 
tracks are fastened with special adjustable suspension hangers every 
few feet. Although the track system is very light in weight, it func- 
tions more satisfactorily than any overhead track system yet de- 
signed for studios. The carriages which roll on these tracks are 
also light weight but are highly efficient on account of their ingenious 
construction and roller bearings. The top lights are hung from these 
carriages by means of small chain blocks used for raising and lower- 
ing as desired. 

The total plugging equipment in this studio could supply 25,000 
amperes at 120 volts if all were used at one time but this total 
capacity is unnecessary in the feeders since it will never be required 
simultaneously. 

The control stations for operating the remote control switches 
consist of portable cabinets containing standard push switches ar- 
ranged in gangs and function in a similar manner to the Monitor 
remote control station described in this paper. In addition to accom- 
plishing the various features already mentioned in connection with 
the remote control station, each one of the stations used in this 
studio is equipped with an electrical lockout device which prevents 
operating certain buttons on the station which may be in use on 
another station by some other stage. This arrangement was neces- 
sary since an entire switchboard can be controlled from any single 
station or from a number of stations and provisions had to be 
made so that one station using only part of the switchboard could 
not interfere with the other. 


V. Advantages and Disadvantages. 


The various advantages of the overhead system have been pre- 
viously described, but these advantages would not apply to this par- 
ticular studio. 

Since the height of the studio is limited and since the clear 
space from floor to roof trusses is utilized by the scenery, an over- 
head footwalk system was quite impracticable. In addition to this, 
the overhead top lights can be readily moved about on the studio 
floor by means of long poles so that the footwalks are unnecessary 
for this purpose. It is true that the cables are strewn on the floor 
from the various wall pockets to the spider boxes supplying current 
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switchboards is such that in very rare cases do the cables of one 
stage interfere with those of the other. 


There is the disadvantage, of course, of the abuse to which the 
cables are subjected, but the easy means of making up connections 
and plugging-in without going up overhead seems to offset these 
disadvantages. 


In regard to the fastening of scenery and props from overhead 
structural members, this is provided for by the timbers which sup- 
port the overhead track and cross timbers used as stiffeners between 
roof trusses. 


In making comparisons of an overhead equipment with that as 
installed in this studio, it has been the consensus of opinion that the 
system as designed here has worked out much more efficiently than 
an entirely overhead system on account of the peculiar conditions of 
the building. 


In addition to the studio lighting equipment, a very complete 
system of work lights has been installed with controlling switches 
placed on each of the various studio switchboards. 


A special system of watchman’s lights has also been installed 
on the side walls around the studio, approximately 20 feet above the 
floor on pilot control, so that the watchman in making his rounds 
pushes the switch at one end of the studio aisle space and extin- 
guishes that row of lights at the other end, lighting up the next row 
at the same time, and so on. With the installation of these lights, 
it is unnecessary to burn the work lights all night, thereby effecting 
a considerable saving in current consumption. 


VI. Telephone System. 


This Studio is equipped with two distinct telephone systems, 
one consisting of a PBX exchange switchboard connected with the 
New York Telephone Company’s lines and approximately 200 ex- 
tension instruments throughout the building. 


The other system consists of an intercommunicating Dictograph 
system which provides intercommunication only between depart- 
ments that have business with each other. For instance, some in- 
struments can communicate with 25 different points, whereas others 
can talk to only three, or four or in some cases only one. This 
prevents waste of time in private conversation and keeps the lines 
always open for necessary conversations. 


To accomplish all the features of an intercommunicating sys- 
tem, a very intricate net work of cross connections was installed and 
some of the executives’ instruments are equipped with a special de- 
vice for supervising conversations between various departments, cut- 
ting in to the system and obtaining right-of-way in preference to 
conversation which may be going on, and many other special signal- 
ling facilities. 
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VII. Fire Alarm System. 


The building is completely protected by a combination watch 
and fire-alarm system, stations of which are used ordinarily for 
transmitting signals by the watchman while making his rounds. 
These signals go to a central office outside of the plant, supervised 
by the local telegraph company and records are kept of these signals 
which are submitted to the owners periodically. This part of the 
system is identical with that of the Famous Players-Lasky Corpora- 
tion’s system. However, the fire alarm part of the system is some- 
what different from any which have heretofore been installed in a 
building of this type. It is generally known that a fire in a film 
building, no matter how small, causes considerable excitement and 
panic amongst the employees and very often in film laboratories, the 
actual damage by a small fire is nil compared to damages caused by 
turning on the “white” lights in the various developing and printing 
rooms or by the developers running out of their rooms and leaving 
the film in the tanks. This condition has been ingeniously provided 
against by Mr. Quinlan in designing the fire alarm system, so that 
the first alarm sounded from any box is received only by the chief 
mechanic in charge of the laboratory. He then investigates the 
fire and if it is a serious one, goes to the nearest station and sends in 
either an alarm summoning the people in the laboratory only, or an 
alarm summoning the people in the entire building. 

The fire alarm in addition to recording at the telegraph com- 
pany’s headquarters, also sounds gongs distributed throughout the 
building. This system as applied to other industries is known as 
the dual operation system, but no dual system at the present time 
functions as completely and efficiently as this one. 


VIII. Laboratory. 


The Laboratory Department, as mentioned before, is considered 
one of the most complete in the country and is equipped with all the 
up-to-date devices known to the art. 

For the printing lamps, special motor generator sets are installed 
and arrangements have been made so that when special night work is 
necessary on only one or two printing machines, a smaller motor 
generator set is run in preference to a larger one for maximum 
efficiency. 

The projection rooms in the Laboratory, contain, without doubt, 
the largest amount of equipment of any projection department found 
elsewhere and are equipped with both alternating and direct current 
feeders so that either are lights or monoplane lamps may be used. 
In addition to the laboratory projection rooms, a private projection 
room has been fitted up for Mr. Fox which contains practically every 
device used by the projectionist in a large theatre. A system of 
intercommunicating, loud speaking telephones is installed between 
the projectionist and the projection room for private conversation 
and discussion between the projectionist and Mr. Fox while the 
picture is being reviewed on the screen. 
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In conclusion may be stated that the advent of the mammoth 
studio into the motion picture industry for quantity production and 
maximum efficiency, when compared to the smaller studios of the 
past, will present many more interesting engineering problems which 
will be developed in studios of the future and will require the services 
of the engineer rather than those of the non-technical studio per- 
sonnel of the past. 

Acknowledgment and thanks is tendered at this time to the 
various principals in the Famous Players-Lasky and Fox Film Cor- 
porations and also to the various manufacturers, many of whom are 
represented in our Society, who have given their time and the benefit 
of their experience to the author in the preparation, design and in- 
stallation of the electrical equipment in these two incomparable 
projects. 
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Portable Power Plants for Motion Picture Studios 
By H. F. O’Brien 


Synopsis 


O many different elements of design enter into the construction 

of the portable power plants used for studios that it would be 
impossible to attempt to bring all of their numerous advantages 
before you in a short paper. It is the author’s hope that by bringing 
before you the most important improvements in this branch of 
Motion Picture Engineering, you would have a better understanding 
of the problems involved and should any member contemplate the 
construction of such an equipment he could at least derive some 
benefit by learning of the experiences of those who pioneered in 
this particular branch of the Motion Picture Industry. 


Outline 
1. Introduction. 
2. Two kinds of portable plants—Gasoline Engine and Elec- 
tric. 


3. Discussion of engine-driven equipments. 
(a) Principal requirements. 
1. Portability. 
2. Continuity of service. 
(b) Results obtained from first equipments. 
(c) Comparison of horse-power rating, 
4. Some features of design of equipments now under course 
of construction. 
(a) Using two generators. 
(b) Cooling systems. 
(c) Self-starters. 
(d) Voltage and speed regulation. 
(e) Carburetors. 
(f) Methods of mounting. 
(g) Switchboard equipment. 
5. Discussion of Portable Electric Power Plants. 
(a) Three-Unit Induction Motor Generator Set generally 
used. 
(b) A.C. Switchboard and Metering Equipment. 
(c) D.C. Switchboard. 
(d) Electric equipments generally mounted on trailers. 


6. Conclusion. 

When the production of motion pictures was an infant industry, 
the scenes were almost entirely taken in natural sunlight. Because 
of the fact that Southern California is blessed with an abundance 
of sunlight several of the producing companies located there. It 
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was not long before conditions changed materially. More and more 
productions were made in enclosed stages and more and more intense 
artificial illumination was employed until at the present time nearly 
all large motion picture productions are made in enclosed stages, and 
more attention is being given to the proper illumination of exteriors 
and night scenes. 

This improvement in the illumination of exteriors and night 
scenes presented many obstacles that had to be overcome, but the 
engineers and electrical departments are in the habit of solving the 
many and complex problems that arise in their everyday routine, 
and the problem of illuminating night scenes and locations has been 
quite successfully solved by using a portable electric generating plant 
of sufficient capacity to properly illuminate the setting. 

This idea originated in the Western Studios where Mr. Harry 
Brown, electrical engineer for the Universal Film Man. Corp., con- 
structed in 1915 a portable engine-driven plant of about 50-kilowatt 
capacity. At the present time every large western studio has one or 
more of these portable plants which they find indispensable. In- 
asmuch as nearly all of Southern California is covered with a net- 
work of high-tension electric power lines the studios have mounted 
motor generator sets on trucks or trailers so that they may be easily 
transported to “locations” where electric power is available. 

Since the portable engine-driven outfits were used first and since 
they enjoy more general use on location work, we shall consider 
them first. 

It is obvious to anyone that any portable power plant must 
meet the two principal requirements of portability and continuity 
of service. Those of experience will realize that these two 
apparently simple requirements present some perplexing problems 
to solve. It is not so difficult to design an outfit that may be 
comparatively light in weight and easily transported but generally 
the disappointing feature of such an outfit is that it will not give 
continuity of service under the severe conditions imposed by the 
application. The reverse is also true; i. e., that a heavy outfit with 
a good reliable gasoline engine could be constructed but it might 
prove very unwieldy and difficult to transport to the summit of some 
mountain where such outfits are often used. 

The most common error in the earlier equipments was that 
the engine proved too small. Although some of these engines were 
rated as high as 200-H.P. by the manufacturers, actual results 
showed this rating to be excessive. 

The most successful equipments now in operation have profited 
by the sad experiences of those who built the earlier equipments and 
have equipped their outfits with sufficiently large engines to insure 
satisfactory operation when the generator is fully loaded. It is 
interesting to note that a generator normally rated at 35 kilowatts 
will stand about all the load that the average gasoline engine rated 
at 150-H.P. can pull. If the engine was rated on a basis of actual 
horsepower over a 24-hour period, as the generator is, it would, 
of course, require only approximately 51 H.P. to deliver 35 kilowatts. 
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Past experience has demonstrated to the large western studios 
that it is almost useless to have a portable gasoline electric equipment 
unless it can be depended upon at all times. There are under con- 
struction at present in Los Angeles, about six of these equipments 
on which the studios are sparing no expense in their efforts to have 
them entirely successful. 

Five of these outfits are being equipped with the famous Liberty 
engine used for aeroplanes. Slight alterations have been made in 
these engines; for example, the weight of the pistons has been in- 
creased, self-starters have been added, etc. 

The author in a previous paper explained the advantages of the 
three unit motor generator sets which he recommended for studio 
application. It is gratifying to note that several of the studio elec- 


Portable Gasoline Electric Equipment of Thos. H. Ince Studios, 
Culver City, Calif. 
180 P. Seagrave Engine, 75 K.W. Westinghouse Generator 


tricians have from past experience found this scheme of using two 
115-volt generators connected in series, so satisfactory for their 3- 
wire, 115-230 volt systems that they are carrying out this idea in 
their portable equipments. 

In the equipments now being constructed these Liberty Engines 
having a normal rating of 434 H.P., at 1650 R.P.M., will be direct 
connected by means of flexible coupling to 2-50 K.W. generators 
built into one frame and tandem connected on a single shaft. These 
generators are designed to carry heavy overloads for short periods 
and should prove well adapted for this service. The normal speed 
of these outfits will be 1100 R.P.M., at which speed the engine has a 
rating of approximately 320 H.P. The weight of the Liberty 
engine store is only 903 Ibs. 

There is a considerable amount of accessory equipment supplied 
on these portable sets and if one hopes to obtain successful results 
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from the completed unit he should give considerable care to the 
selection of these accessories. Probably the most important of these 
is the cooling system. It is necessary to use a very large radiator 
of the best design and provide a forced draft for it, as this outfit is 
stationary when in use and the radiation due to natural air 
circulation would be insufficient. The Metro Pictures Corpora- 
tion is building one of these outfits and will have the blower fan 
driven by a series motor so that the operator in charge can vary the 
speed of the fan over a considerable range to keep the circulating 
water at the proper temperature as indicated by a thermometer. 

It is very convenient, of course, to have some means of starting 
these large engines, other than by hand cranking. This is generally 
done by an electric starter as on an automobile although the Winton 
Engine Works supply a very satisfactory air starter which, of 
course, eliminates the necessity of transporting and charging storage 
batteries. 

Large tanks should be provided for carrying ample quantities 
of water, gasoline, and lubricating oil, and these should be placed 
out of the way and piped so that the various liquids can be used 
where desired without requiring any handling. 

Close voltage regulation is just as much desired on these port- 
able equipments as it is on the motor generator sets in the Studio 
Substation, but it is somewhat more difficult to obtain. Some engine 
manufacturers supply a very good mechanical governor which actu- 
ates the throttle valve and will keep the speed of the engine constant 
within a range of about 5%. If this result can be secured it would, 
generally speaking, be satisfactory, but the author has seen some 
regulators designed by the studio electricians where a solenoid coil 
actuated by the generator voltage operated the throttle valve, giving 
excellent results. The first Liberty outfit to be completed is equipped 
with a governor built on the dynamometer principle and will regulate 
within 2%. 

At least one of the studios seem to consider this matter of 
voltage regulation so important that they are also equipping the 
generator with an automatic voltage regulator which regulates the 
field current so as to produce very close voltage regulation over wide 
ranges of load. 

One of the most important items to consider is the carburetor, 
which to be satisfactory on this application, must have the following 
characteristics : 


1. It must accelerate quickly. 
2. It must not choke or load up. 


3. It must not be sensitive to changes in temperature, or 
altitude. 


It should not have many delicate adjustments. 


5. It should not be subject to changes in adjustment, caused 
by the vibration of the engine. 
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Those having had experience with carburetors will realize that 
while there are several carburetors of good reputation on the market 
there are very few that will meet all of the above requirements. 
There is at least one such carburetor manufactured in Los Angles, 
which, when properly adjusted on the initial test requires no further 
adjustments for altitude or temperature and gives excellent carbure- 
tion without the use of any needle valves or spray nozzles, a feature 
which makes it very successful on these portable power-plants. 

There is room for some argument as to whether these gasoline 
engine driven sets should be mounted on a trailer or on a truck, 
but, generally speaking, these outfits should be designed so that they 
can be used in out-of-the-way locations where it is impossible to 
obtain any other power. Experience has shown that it is worth while 
to purchase a first class truck with its own motive power and a multi- 


Portable Gasoline Electric Equipment of Goldyn Pictures Corp., 
Culver City, Calif. 
6 cyl., 90 P. Wisconsin engine, 35 K,W. Generator. 


speed transmission that will give a large gear reduction so that 
mountain roads can be negotiated without difficulty. Some studios 
have purchased trucks having all four wheels power-driven. 

These portable outfits are built in all sizes from 20 to 100 K.W. 
capacities. In the smaller sizes up to about 25 K.W., some very suc- 
cessful equipments have been built using the chassis of some first 
class high-powered automobile. In these cases the generator is 
chain-driven from the automobile engine. A separate clutch being 
provided so that the generator may be disconnected while the outfit 
is in transit. 

On these small equipments it is, of course, advisable to use 
pneumatic tires but on the large outfits weighing five to six tons 
complete, solid tires are most satisfactory. 
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The switchboard equipment for these portable plants is very 
simple, consisting of a small panel having mounted thereon, ammeter, 
voltmeter, automatic carbon circuit breaker, field rheostat, generator 
switch, and outgoing cable or bus bar terminals. Where two gen- 
erators are used two single-pole carbon breakers, two pole generator 
switches, two ammeters, and two field rheostats are employed. 

Unfortunately at the time this paper was written none of the 
large portable plants using Liberty engines had been completed so 
that it is impossible to show any photographs or results of tests on 
these sets, but the first of these outfits was being tried out by 
Marshall Neilan on location in Glacier National Park, Montana. 

The first electrical equipment for any studio in Japan was re- 
cently sold and consists of : 

One 8-cylinder 200 H.P. Winton engine, direct connected to 

Two 50 K.W. type “SK” Westinghouse generators, all of which 
are direct connected and mounted on a common base. The radiator 


100 K.W_ Engine driven generating equipment for Shochiku 
Kinema Co. of Tokyo, Japan. 
200 H.P. Winton engine 8-cylinder, 2 - 50 K.W. Westinghouse 
Generators, 125 volt. 


and blower fan are also mounted on the same base and mechanically 
connected to the engine. While this outfit is not intended for port- 
able purposes, the engineering features are practically identical with 
a portable outfit. 

The electrically driven sets have many points in common with 
the gasoline driven equipments—they must be easily transported, 
capable of standing heavy overloads for short periods, and the volt- 
age regulation must be good. From an electrical standpoint, they 
must be so designed that they can be used on all of the power lines 
in their home territory at least, and be provided with proper pro- 
tective devices on the alternating current side. Metering equipment 
should also be provided for metering the A.C. power used, 
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Lois Weber Productions have had the 100 K.W. portable elec- 
tric plant, illustrated below, in use for one year and are greatly 
pleased with the results. This outfit which is one of the largest and 
best designed in use at the present time might be described in detail 
to give you a good idea of these portable electric motor generator 
sets. 

This set is a three-unit, Westinghouse equipment, consisting 
cf a 200 H.P., 3-phase, 2,200-volt, 50-cycle, 6-pole induction motor, 
direct connected to and mounted on the same base with two 50 K.W., 
115-volt, flat compound wound, interpole generators. 

On the forward end of the trailer are mounted the switchboards 
and incoming power line structure. The California State Accident 
Commission requires that the 2,200-volt connections to the power li ¢ 
must be at least twelve feet above ground, so a telescope pipe frame- 


2 - 50 KW., 120 volt Westinghouse type S.K. Generators. 
Portable Motor Generator Set of Lois Weber Productions, 
Los Angeles, Calif. 

1 - 50 P., 3 phase, 2200 volt, 50 cy. Westinghouse motor. 


work was designed, which could easily be set up on location and 
readily taken down while the outfit was in transit. 

Mounted on the upper cross-arm of this pipe framework are 
three high-tension fuse blocks, to which are connected the long flex- 
ible leads, used for attaching to the 2,200-volt power lines. The 
power is then conducted down in conduit to the oil circuit breaker 
ahead of the auto-starter. This oil circuit breaker provides protec- 
tion for the motor while the auto-starter is in the starting position 
The auto-starter is provided with automatic overload and no-voltage 
protection. 

The metering equipment, consisting of the ordinary type of 
polyphase integrating watt-hour meter, with potential and current 
transformers, is placed in an enclosed steel cabinet. This meter is 
tested by the Power Company at certain intervals. In this manner 
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accuracy is assured and it greatly simplifies matters for both parties 
by avoiding disputes regarding the power consumed. 

In all Southern California it is possible to obtain three-phase, 
2,200-volts, 50-cycle power without difficulty, so that all of these 
portable electrical plants are designed for that voltage on the A.C. 
end. 

The direct current switchboard is also mounted on the forward 
end of the trailer, the A.C. and D.C. boards facing each other, a 
space of approximately 30 inches being left as a passage-way for 
the operator in charge. This direct current-switchboard is standard 
in every respect. Generally, only one feeder circuit is used so that 
only a generator panel with a single set of automatic carbon circuit 
breakers is necessary. Bus bar terminals for the outgoing feeder 
cables are provided on the rear of the direct current switchboard. 
All of the wiring is placed in conduit making it safe. The insulating 
oil used in the 2,200-volt auto-starter and circuit breaker can be 
drained into a tank under the floor of the trailer and pumped back 
again by means of a hand pump. This is necessary to prevent the 
waste of this oil due to splashing while the outfit is in transit. 

You will note from the photographs that this layout is neat 
in appearance, convenient, and safe. When the outfit is not in use 
on location it is taken into the studio sub-station, where the A.C. and 
D.C. cables can be connected to it in a few minutes. In this manner, 
it becomes a very efficient and economical piece of apparatus for 
the studio. 

While the gasoline-driven plant might prove too expensive to 
operate in the studio in competition with electric power, it has 
proven its worth out on the desert or up on a mountain or some 
other place where the necessity for power lines has not yet arisen. 
Both the electric and gasoline-driven portable power plants have 
their place and the fact that all the large western studios have them 
is convincing proof of their value to the motion picture industry. 
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Catering to the 
Moving Picture Industry 


Domestic $3.00 


Yearly 
N 
MOVING PICTURE WORLD giles 


CINE-MUNDIAL (Spanish) Yearly $2.00 


scription price 


Managers and Operators Motion Picture Theatre 
Handbook, by F. H. Rich- Electricity, by J. H. Hall- 
ardson, berg, 

700 pages, price, $4.00 280 pages, price, $2.50 
Modern Theatre Construc- Picture Theatre Advertis- 
tion, by Edward Bernard ing, by Epes Winthrop Sar- 
Kinsila, gent, 

270 pages, price $3.00 300 pages, price, $2.00 
Technique of the Photo- Making of a _ Photoplay 
play, by Epes Winthrop The, by Louis Reeves Har- 
Sargent, rison, 

400 pages, price, $3.00 150 pages, price, $2.00 
Wright & Callender Bldg. 516 Fifth Ave. Garrick Theatre Bldg 

Los Angeles, Cal. New York City Chicago, Ill. 
M. J. WOHL MAX MAYER 
President V.-Pres. & Treas. 


M. J. Wohl & Co., Inc. 


Electrical Engineers 


Specialists in artificial lighting for photographic 
processes. 


Sole manufacturers and distributors of ““-BROAD- 


SIDE” and “DUPLEX” lamps used throughout the 
film industry. 


New factory and general offices 
Payntar Avenue and Hancock Street 
Long Island City, New York 
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Perfect Light for Studio Sets 


Cooper Hewitt lighting is highly actinic, free from 
glare, perfectly diffused, easily controlled and abso- 
lutely uniform. It is the one ideal light for all photo- 
graphic purposes, permitting as good pictures at mid- 
night as at noon. It does not radiate heat and is 
easy on the eyes. 


Ask any director, camera man or motion picture 
star about “Cooper Hewitts’’—then write our near- 
est office to suggest a layout for your studio. 


Cooper Hewitt Electric Company 


ic ‘9S River Street, Syracuse—University Building 


THROUGH THE MEDIUM OF THIS CARD 


F. H. RICHARDSON 


PRESENTS TO THE 
SOCIETY OF MOTION PICTURE ENGINEERS 
THE COMPLIMENTS OF HIMSELF AND 
THE MOTION PICTURE PROJECTIONISTS OF 
THE UNITED STATES AND CANADA. 


THE ELectric SALES & ENGINEERING Co, 


ecectrric 


ELECTRICAL ENGINEERING 
Equipment 3] SERVICE 
R. P. BURROWS OSCAR M. SHECK 


SALES ENGINEER PROSPECT TING R 
CLEVELAND 


COMPLETE ENGINEERING SERVICE AND PLANS 


VENTILATING ELECTRICAL 
CTURE PROJECTION 
ILLUMINATING MECHANICAL 


FOR MOVING PICTURE THEATRES AND PLAY HOUSES 


Ill 


MSCO 


I Engines and Generators 


The only Engines and Generators designed and built exclusively for 
Motion Picture Projection and Studio Lighting 


FROM 400 WATTS TO 25 KILOWATTS 


KEENOLITE LENSES 


THREE COMBINATIONS 


32.8 PER CENT MORE LIGHT—28 PER CENT 
BETTER DEFINITION THAN OTHER LENSES. 


WILLIAM H. RABELL ENTERPRISES, nc. 
729 and 844 SEVENTH AVENUE, NEW YORK 
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Motion Picture 
News 


Technical Department—contains full, 
dependable and up-to-date scientific 
information on 


Projection 

J Cinematography 

Studio E.quipment 

3 Theatre Construction 


E. L. Bragdon, B. S., Technical Editor 
a. E. B. Janvrin, B. S., Associate Technical Editor 


Address: 
729 SEVENTH AVENUE 
NEW YORK CITY, N. Y. 
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Westinghouse Motion Picture Installations 


Realizing that the successful operation of electrical equipment 
of a motion picture studio or theatre depends upon its ability to 
meet very exacting requirements, Westinghouse has made a special 
study of these requirements. This places Westinghouse in a posi- 
tion to render valuable engineering service to hundreds of studio 
and theatre owners. 

The following are some of the users and endorsers of Westing- 
house apparatus: 


Metro Pictures Corp. Strand Theatre, Norfolk, Va. 
Thos. H. Ince Pitt Theatre, Pittsburgh, Pa. 
Robt. Brunton Studio Regent Theatre, Elmira, N. Y. 
Universal Film Mfg. Co. Stanley Theatre, Philadelphia, Pa. 
Clunes Studios David Picker’s Theatre, N. Y. C. 
Marshall Neilan Production Loew’s Lyceum Theatre, 

Lois Weber Production Nashville Tenn. 


Grauman’s Theatre, Los Angeles 


Write for a copy of our circular 
No. 7134; it will prove interesting 


Westinghouse Electric & Manufacturing Company 
East Pittsburgh, Pa. 
Sales Offices in all Large American Cities. 
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THE NEW PREMIER 


PATHESCOPE 


Flickerless Satety Standard Projector 
This PIONEER in SAFETY PROJECTION easily 


maintains the superiority gained in 


23 Years of Cinema Supremacy 
The Pathescope Co. of America, Inc., New York. 


Vil 


FILM 


is identified by the words 
“Eastman” and “‘Kodak”’ in 


the film margin. 


It is the film that first made motion 
pictures practical 


Eastman Kodak Company 
Rochester, N. Y. 


Vill 


THE MOTIOGRAPH DE LUXE 
THE PROJECTOR PREDOMINANT 


Will Give Service That 
SERVES 


The Enterprise Optical Mfg. Company 
564 W. Randolph Street 
CHICAGO, ILL. 
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The New Home of 
Victor Picture Projectors 


This entire manufacturing plant is devoted ex- 
clusively to the production of 


Motion Picture Machines 
Stereopticons and 


Lantern Slides 


Sixty thousand feet of floor space, plenty of fresh 
air and sunlight, precision machinery, the best 
of materials and contented expert workmen, com- 
bine in the making of the foremost line of non- 
theatrical picture projectors in America. 


Catalogs and price lists mailed on application 


VICTOR ANIMATOGRAPH CO., Inc. 
Davenport, Iowa, U.S. A. 
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A Cost Cutter 


The Argus-Sheck Universal Adapter for 
motion picture projection will effect a saving in 
electrical energy of two-thirds on alternating, and 
about one kilowatt per hour on direct current 
service. 


That feature alone is sufficient to recommend 
thorough investigation. 


Other very important and desirable features 
are better illumination from a higher quality light; 
the elimination of color bands and “‘ghosts’’; the 
absence of flicker and eye strain, simplicity and 
ease of operation, and the avoidance of poisonous 
carbon fumes and dust. 


The Argus-Sheck Universal Adapter can be 
easily and quickly applied to any carbon arc pro- 
jection machine. 


The ARGUS ENTERPRISES, Inc. 
General Offices: CLEVELAND 


New York Omaha 


Y, Des Moines 
369 fo Salt Lake City 


Boston 
Los Angeles tk wy 
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TRANSVERTER 


The complete motor generator unit especially 

designed and constructed to economically de- 
liver to the arc a superior 
direct current that is al- 
ways under the control of 
the operator 


Transverter (double arc type) per- 
mits getting two arcs of the same 
amperage simultaneously and _ the 
getting of the second does not dis- 
turb the one projecting the picture. 
This makes possible a perfect dis- 
solve. 


Transverter permits increasing or 
decreasing the arc amperage, with- 
out waste of current, by simply turn- 
ing a control handle and the amper- 
age being delivered remains constant 
regardless of the changing length of 
arc. 


Transverter embodies many exclu- 
sive advantages and meets every re- 
quirement of artistic projection. 


The Complete Transverter 
Equipment 


THE HERTNER ELECTRIC Co. 
Cleveland, Ohio 


Canadian Distributors 


THE PERKINS ELECTRIC CO. 


Phillips Square, MONTREAL 11 Temperance St., TORONTO 
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A new method of practical, 
color motion photography 
that re-creates Nature on the 
screen in all her splendid 
colors. 


Entertaining, instructive and 
altogether delightful. 


Now showing in_ leading 
theatres. 


ASK THE MANAGER OF 
YOUR FAVORITE 
THEATRE 


Distributed by all 


SELECT PICTURES 
CORPORATION EXCHANGES 
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The Ghost On the Screen 


is caused by the core of the 
positive carbon burning back 
in the shell. Users of 


SPEER “Directo” 


are not troubled with ghosts 
because with these carbons 


The Cere Burns Flush 


Speer “Directo’’ and ‘‘Hold- 
Ark” carbons for D. C. Pro- 
jection. Speer “Alterno” 
White Combination Carbons 
for A. C. Projection. 


SPEER CARBON COMPANY 
ST. MARYS, PENNA. 


| 
4 
\ 


CAMERAGRAPH 


All That Experience, Skilled Workmen and 
Finest Materials Can Put Into a Projector. 


NCORPORAT 
EDWARD EARL. PRESIDENT 


Ninety Gotp St New Yorx,N Y 


NICHOLAS POWER COMPANY 
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Government Motion 
Pictures 


Taken of 


THE WORLD WAR 


Were to be Placed on the Best Made 


FILM REEL 


It was the 


LANG FILM REEL 


THAT STOOD UP AGAINST ALL TESTS 
Mr. CARL J. LANG of 


The Lang Manufacturing Works was awarded 
the contracts for several thousand of the Lang 
Patented Reels. 


Our Government also used 660 of these reels 
at the Panama-Pacific Exposition. 


The best theatres in this and foreign countries 
use the Lang reels in booths. The Lyman H. 
Howe attractions use them. 


Made under the Lang Patent of Nov. 2|Ist, 1911 


THE LANG MFG. WORKS 


OLEAN, NEW YORK U.S. A. 


—The Rewinder People— 
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